Nghién ciru

GIAI PHAP NANG CAO PO CHINH XAC TRONG
QUAN TRAC CONG TRINH BANG CONG NGHE GNSS RTK
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Tém tit
Quan tric chuyén dich cong trinh la mt trong cdc tham sé dé ddnh gid va canh bdo
vé sitc khée cdc cong trinh xdy dung. Quan tric chuyén dich bang GNSS theo phirong
phap do dong thoi gian thuwe (GNSS RTK) dd duwoc g dung phé bién véi uu diém & tinh
tw dong hoa cao va cho bdo cdo o thoi gian thuc. Tuy nhién, do anh huong ciia moi truong
va cdc diéu kién do khdc nhau, dit lidu GNSS RTK thirong bi suy giam do chinh xdc dang
ké so vdi cdc phirong phdp truyén thong. Do vdy, nghién ciiu nay tdp trung vao cdc phwong
phdp loc nhiéu trong tri do GNSS RTK nham néng cao dé chinh xdc ciia két qua do. Vi
cdc dir lidu quan tric & thoi gian thue véi tan so dau ra ¢& 1 Hz, nhém tdc gia dé xudt
phuong phdp loc hai chiéu diea trén thudt todn Kalman mé rong voi cdc tham s6 phit hop.
Muc dich ciia bai bdo la xdy dung mé hinh todn hoc cho phép loc nhiéu trong céng tdc
quan trdc chuyén vi cong trinh lién tuc tir dong. Két qua nghién ciru cho thdy rang khi dp
dung cdc phép loc dé xir 1y s6 liéu quan trdic, dé chinh xdc va dé tin cdy ciia két qud quan
tric bang GNSS RTK ting lén dang ké so véi dit liéu chua qua xir Iy. DY chinh xdc quan
tréic dat 3,9 - 6,0 mm véi khoang thoi gian thu thip div liéu trong 1 phit.
Tir khoa: Quan tric tu dong; GNSS RTK; Kalman; Loc hai chiéu.
Abstract
Improving positional accuracy in deformation monitoring using GNSS RTK

The automatic monitoring system has been widely applied for structure
deformation monitoring. A monitoring system consists of many automatic monitoring
sensor stations installed at specific locations of the project site, with the aim of
monitoring different quantities such as displacement, settlement, inclination,... All
stations are generally connected to a control system through software, transmission of
real-time monitoring data of the monitored objects. Monitoring data can be analyzed
and evaluated over time for reporting its health status. Due to the influence of the
environment and different measurement conditions, the measurement data is often
affected by noise, causing measurement errors. Therefore, noise filtering is necessary
in the processing of monitoring data to ensure the accuracy of measurement results.
With real-time continuous monitoring data with a frequency from a few seconds to
a few minutes, we propose an extended Kalman filter with parameters suitable for
current monitoring conditions in Vietnam. The main objective of the paper is to
build a mathematical model for extended Kalman filtering in automatic continuous
construction displacement monitoring. Research results show that when applying
filters to process monitoring data, the accuracy and reliability of monitoring results
increase significantly compared to untreated data. Observation accuracy reached 3.9
- 6.0 mm with a data collection interval of 1 minute.

Keywords: Deformation monitoring; GNSS; Kalman filter; Two - ways filter.
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Nghién cuu
1. Pit van dé

Ngay nay, cung vé6i sy phat trién kinh
té - xa hoi, cic cong trinh co s¢ ha tang
quy mo lén ngay cang gia tang. Cac cong
trinh xay dung 16n thuong phai chiu tac
dong manh cua nhiéu yéu t6 ngoai canh
nhu tai trong, gio, nhiét do, dong dat,. ..
Nhirng tac dong nay gay ra su bién dang
va su thiéu én dinh cua cong trinh. bé
danh gi4 tinh trang cua cong trinh va kip
thoi phét hién nhitng van dé bét 6n trong
qua trinh thi cong va van hanh cong trinh,
viéc quan tric bién dang cong trinh 1a rat
can thiét.

Tir nhitng nam 90 cua thé ky trudc,
trén thé gidi dac biét 1a cac nudc phat
trién da hoan thién va tmg dung hé thdng
quan trac bién dang cong trinh thoi gian
thuc cho céc cong trinh xay dung cua ho.
Cac hé théng quan tric phuc tap da duoc
xdy lip dong bo, gan trén cac cy cau 16n.
céc dap thuy dién, nha ga, ham 10.

Di dau trong linh vy nghién ciru va
phat trién cic giai phap quan trac bién
dang cong trinh phai ké dén cac cong ty
16n, cac tap doan da qudc gia nhu: Leica
(Thuy s1), VSL (Thuy S1), GeoKon (M¥),
Slope Indicator (MyY),...

Muc dich chinh cia viéc quan tric
cong trinh thoi gian thyc 1a dé theo
doi tinh trang strc khoée ctia cong trinh
(Structure Health Monitoring), danh giad
cac nguyén nhan tdc dong va kip thoi
phat hién nhiing hu héng [1]. Trong do,
céc thong s6 dé danh gia tinh trang cua
cong trinh bao gdm murc d6 chuyén dich,
chuyén vi, lan, nghiéng, van xo0an, do
rung lac, strc cang két cdu,... Nhitng tinh
trang ndy c6 thé dugc dénh gia thong qua
céc thiét bi do dac, cam bién nhu méy thu

GNSS, may toan dac di¢n ti ty dong, cam
bién nghiéng, cam bién rung, cam bién
strc cang,... Cac yéu t6 chinh gy nén va
1am anh huong dén sirc bén ctia cong trinh
bao gdm tai trong cua cong trinh va tai
trong mang, cac tac dong tir moi truong
nhu nhiét d9, ap suét, gi6, dong dat va 4nh
sang mat troi. Mirc d¢ tac dong cua cac
yéu t6 moi trudng c6 thé tinh toan, phan
tich thong qua cic cam bién nhur nhiét ké,
ap suat ké, phong ké, camera giam st va
céc thiét bi phu trg khac [2].

AlojzKopacik vanhdmtac gia (2015)
[2] gidi thiéu viéc quan tric thoi gian
thue cdu day vang nhip 16n Lafranconi
O Bratislava, Cong hoa Slovak. Theo bai
bdo nay, hé théng quan tric ty dong bao
gdém hai nhém cam bién chinh 1a nhém
cac cam bién tric dia bao gdm may thu
GNSS, may toan dac dién tir tu dong,
cam bién nghiéng véi d6 chinh xé4c cao va
nhém cam bién khi twong bao gébm cam
bién nhiét 4o, ap suat, d6 am, téc do va
hudng gib,... Cac cam bién nay duoc két
nbi vao mot may tinh chu dé dong bd hoa
vé thoi gian va céc sb liéu do dugc xur 1y
bang phan mém Geomos cua hing Leica
dé dua ra cac sb liéu phan tich.

Xiao Meng (2002) [3] da phan tich
chi tiét va danh gia kha nang cua viéc
quan trac bién dang cau ¢ thoi gian thuc sir
dung may thu GNSS va gia toc ké. Theo
két luan cua tac gia, viéc lya chon va nang
cao d6 chinh x4c dinh vi cia GNSS 1a can
thiét dé c6 thé dap tmg duoc yéu ciu quan
trac chuyén dich cong trinh & mirc mm vé
d0 chinh x4c.

Ehsan va nhom tac gia (2021) [4]
da phan tich cac phép do GNSS trong
quan tric bién dang cau dua trén phép
loc Kalman va mang Noron than kinh
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nhan tao. Két qua nghién ctru chi ra rang
phuong phép nay c6 thé dugc 4p dung dé
loc nhidu nhim nang cao do chinh xéc ciia
két qua quan tric dén ¢& mm. Van dé cua
nghién cru nay can c6 lugng tri do chuan
da 16n dé huan luyén mé hinh sai sé cho
phép udc lugng.

Cejing va nhém tac gia (2023) [5]
gidi thi€u giai phap tich hop GNSS va gia
téc ké voi mo hinh nhidu thich nghi. Két
luan ctia bai bao chi rang phép loc Kalman
¢ y nghia 16n trong viéc xir Iy nhiéu, dac
biét 1a trong céc bién dong phirc tap. Tuy
vay, v6i thuan tiy tri do GNSS, cac tri do
v6i sai s6 16n bat thuong co thé xut hién
trong nhiing diéu kién khong dugc du
doan trude va gia toc ké ¢6 tac dung phat
hién nhiing sai s6 nay trong phép do quan
trac. Han ché cua giai phdp ndy ndm & gia
ca cta hé thong, dac biét 1a gia toc ké di
nhay d¢ c6 thé phét hién cac tri do GNSS
bét thuong.

O nudc ta hién nay, cong tac quan
trac bién dang va tinh an toan cong trinh
ngay cang duoc quan tdm nghién cliu va
ung dung. Mat sb truong dai hoc, cac vién
nghién ctru 16n da va dang bit tay vao
nghién ctru dé dua ra quy trinh quan tric
bién dang cong trinh thoi gian thyc. Tuy
nhién, cc thiét bi may modc, cam bién
va ca phan mém xir 1y s6 liéu hau hét 1a
dugc nhap khau tir nudc ngoai, trong d6
gi4 thanh ctia cac thanh phan nay kha cao
trong diéu kién Viét Nam, diéu nay lam
giam kha nang tiép can, van hanh ciing
nhu cai tién cac hé thong hién tai [8].

Tir cac van dé trén, bai bdo nay dé
xuit phurong phap loc nhiéu dua trén phép
loc Kalman két hop véi phép loc 2 chiéu
thoi gian thyc nhim nang cao d chinh
xédc quan tric chuyén dich cong trinh dya

Nghién ciru
trén cong nghé dinh vi vé tinh GNSS.

2. Co s& Iy thuyét va phwong phap
nghién ciru

2.1. T 5ng quan vé phép loc Kalman

2.1.1. Téng quan vé phép wéc lwong
va loc Kalman

Uéc luong 1a mot dang xur 1y s6 lidu
nhdm tim ra cac gia tri cd do tin cay cao
nhét cua céc dai luong can xac dinh [4].
Ban chét cta viéc u6e lwong 1a xac dinh
ham phan phdi x4c suat cua cac dai luong
can xac dinh. Dé giai quyét van dé nay,
cac mo hinh toan hoc hé théng voi luat
phan phéi x4c suat va moé hinh tri do véi
luat phan phdi xac suit dugc xdy dung
nhu cong thirc (1) va (2).

X = fre (-1, Wi)

Zx = My (Xk, Vi)
Trong do:

(1)
2)

X € R™ la véc to trang thai & thoi
diém k; wy € R™ 1a nhidu hé thdng;
Z € R™ 1a tri do hd trg; vy € R™ 1a
nhiéu tri do; fi: R™ X R™ — R™ v3
hi: R™ X R™ — R™ ]a cic ham cua
vécto trang thai va véc to tri do.

Néu xac dinh duoc ham phan phbi
P(xy|z1.) xac suat thi cé thé xac dinh
duoc tri xac suat nhit cua véc to trang
thai £% va ma tran hiép phuong sai twong
ung P,

Dé dat muc dich nay, theo ly thuyét
udc lugng Bayes, hai budc udc lugng
duoc thuc hién:

Budc I: Tién dodn trong do6 su dung
mod hinh hé thong dé xac dinh tién doan
cuia véc to trang thai x, tai thoi diém k voi
cac tri do & thoi diém k- 1 (21.—1) theo
cong thuc:
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Nghién cuu

POlzn) = [ PGl )P Gialznse s ()

Buée 2: Cap nhit tai thoi diém k, néu
c6 cac tri do cdp nhat, tién doan dugc cap
nhéat theo cong thuc sau:

P(zy|x )P (xy|21.1—1)
P(Zklzl:k—l)

Phép loc Kalman (KF) duoc xem
nhu 1a mot dang dac biét cua ly thuyét
udc lugng Bayes. Trong truong hop ham
hé thong va ham tri do c6 dang tuyén tinh,
tr¢ thanh:

4

P(xylzyp) =

X = Proq;kXk—1 T Wi—q

(5)
Zi, = Hpxp + vy (6)
Trong do:

o . 1a ma tran tll'nh chuyén trang
thai tir thoi diem k -1 den k;

H lamatran hé s6 biéu dién méi quan
hé gitta tri do ho trg va véc to trang thai.

Trong KF, nhidu duogc gia thiét rang
tuan theo luat phan bé chudn véi ky vong
“0” va ma tran hi¢p phuong sai O, va R,.

wi~ N(0, Q) (7)
v~ N(0,Ry) (8)
Véi giai thiét nay, cac ham mat do
X4c sudt (PDFs) tién doan va cap nhat s¢€
tuan theo ludt phan bd chuin véi ky vong
X va hi€p phuong sai P nhu trong cong
thire (3) va cong thic (4).

P(xylzk—1) = N(Xy; Xgjk—1, Prjre-1) (9)
P(xklzx) = N(Xg; Zxjir Pei) —— (10)
Phan tich dua trén nguyén ly téi thiéu
héa phuong sai, cac budc tinh toan cua
KF dugc trinh bay dudi day theo [7]:
* Tién dodn:

—_

X" = Pr_1;xXk-1

(11)
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P7p = ®p_pyPea®Ppogpe + Qe (12)
Véi X va Py 1a véc to trang thai va
ma tran hi€p phuong sai tién doan

* Cap nhat:
Ki = PgHi[HPg Hi + He ™' (13)
X = X + Ki(z, — HXY,) (14)
Py = P, — K Hy P, (15)

Trong d6: X va P, véc to trang thai
va ma tradn hiép phuong sai cap nhét.
2.2. Phép loc 2 chiéu

Pé lam tang d6 chinh xac cua phép
udc lugng, phuong phap udc lugng hai
chiéu duoc Rauch-Tung-Striebel (RTS) dé
xuat dbi véi cac tng dung xur 1y tin hiéu.
Udc lugng hai chidu don gian 1a su két hop
cuia chiéu thuén va chiéu dao KF. Nhu mé
ta trong Hinh 1, KF thuan (FKF) cho 161
gidi woc lugng tr trude dén thoi diém t,
va KF dao (BKF) udc lugng 101 gidi ude
lwong tir sau tro vé thoi diém t. Loi giai
ctia phép udc luong hai chiéu dugc tinh 14
tri trung binh trong sé ciia FKF va BKF
nhu trong cac cong thuc (16) va (17).

Xsk = Ps(PrgXpx + Pagipg)  (16)
Psx = (Ppg + Pag) ™! (17)
1
[ ]
-
Elxi | 2,05t <k JIELx |z kse=T]]
u [
] L.\
7

E[xg | £ ,t €(0,T)]
a Ty o
g = PPy f}k“' Py Xgy)
Py =(Ph +Pp !

Hinh 1: Uéc lwong 2 chiéu
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Trong d6, cac ky hiéu chi s6 duéi S,
F, va B 1a ky hi¢u két qua udc lugng tron,
chidu di va chiéu vé.

2.3. Xday dwng mo hinh todan hoc cho
phép loc Kalman mo rong

Xuat phat tir phwong trinh chuyén
dich ciia mot diém trong hé toa do phéng

(18)
(19)

Trong do: x, v, 1a vi tri van toc ¢ thoi

1
X = Xe_q + (T + EaT2

Ve = V1 +al

diém t, a 13 gia tdc chuyén dong.

Néu thiét ké véc to trang thai nhu sau:
N
Yt
H
VX

Uyt
VH,

[ 5, |

Va co thé viét lai:

(20)

X, =FX;_1 +Bu; 21

Trong d6 Bu,, c6 thé dugc coi nhur
thanh phan nhiéu hé théng.

* M6 hinh tri do toa do

Trong mé hinh todn hoc phép loc
Kalman m¢ rdng, céac tri do (x, y, H) la
toa do diém. Khi d6, phuong trinh tri do
c6 dang nhu sau:

Xt
Vi

— xt -
Yt
Hy
VXt
UYe

VH,

L ¢ |

1 0 0
[0 1 0
0 0 1

o o O
o O o
o O o
o O O

Trong d6 ¥, goi 1a nhiéu tri do.

Co6 thé viét lai dang ma tran nhu sau.

+V;

Nghién ciru

z, =D, X, +v, (22)
Ma tran nhiéu trj do:
gz 0 0
R=Cov(V)=|0 of 0
0 0 of

* Mo hinh tri do phwong vi

Trong truong hop tri do cdp nhat la
phuong vi ¢d¢, khi d6, phuong trinh tri do
c6 dang nhu sau:
— xt -
YVt
Hy
VXt
VYt
VH,;

L @ |

ed,=[0 0 0 0 0 0 1] + Py

Trong d6 P, goi la nhiéu phuong vi do.

C6 thé viét lai dang ma tran nhu sau.
z, =D X, +v,

Ma tran nhiéu trj do:

R = Cov(P) = o (23)
Nhu vay, sau khi xay dung dugc mo
hinh toan hoc ctia mé hinh chuyén dich
toa do cho phép loc Kalman, cic budc
tinh toan dya trén thudt toan cua phép loc
Kalman dugc thuc hién tudn tu cic budc
theo cac cong thuc da trinh bay & trén.
* Phdt hién tri do bat thwong tir
phép loc Kalman
Trong cong thirc cap nhat tri do (14),
Ky hi¢u
inno =z, — HX;, =zx —Zprg  (24)
Trong mdi truong diéu kién ly tuong,
d6 16n cua véc to inno bang khong. Vi
trong phép loc Kalman gia thiét ring cac
nhidu ¢6 luat phan b chuin Gauss, do
vay tap gid tri inno cling tuan theo luat
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Nghién cuu

phéan bo chuan véi ky vong khong va do
léch chuan , voi:

— , 2 2
Oinno = |07, + 0Zpre

Dua vao ly thuyét xac xuat thong ké,
néu inno tudn theo luét phan bd chuén, né
s& duoc gidi han boi mot gid tri nhat dinh
v6i mot do tin cdy nhat dinh:

(25)

linno| < €8 Oinno (26)

Trong d6 1a hé s6 danh gid véi muc
tin cay (), 1a dd 1on cua véc to, dugce xac
dinh boi cong thure:

linno| = /Z,% + 22 + 2§

27

Dua trén tiéu chuan trong cong thirc
(31, Néu , thi tri do GNSS tuong Ung s€
bi loai bo.

3. Thiét ké phan mém quan tric

Phin mém quan tric dwugc nhém
nghién ctru thiét ké va lap trinh trén nén
hé diéu hanh Window OS théng qua ngén
nglt C#. Vi co so nguyén ly phuong thirc
quan ly NTRIP (Networked Transport of
RTCM via Internet Protocol), phan mém
cho phép thu thap dit liéu ddng thoi tir céc
tram quan tric va xt ly loc nhiéu, quan
ly va xuét bao cdo. So dd khdi cuia phan
mém duoc trinh bay ¢ Hinh 2 va hinh dnh
giao dién ctia phan mém duoc thé hién &
Hinh 3.

- - - ~
Tham 56 hé toa d§ Mang ludi CORS
. I, . >
RTCM RTCM
s ~\ - ~ RTCM ~
NTRIP Source/3G RTK Processing NTRIP Caster
. v, \ A \. >
RTCM XY, H dX, d¥, dH
' N g N r N
May thu GNSS RTK Cap nhat vj tri Web quan tric
\ J L v o J
A Re o A A J
Hinh 2: So do khoi cia phan mém quan trdc
“= Quin 1y lubing NTRIP - O ®
File  Help
Il | & < P a9 ~ Cong 2101 * Hanmickhdch 1000 5/6/2023 11:16:06 AM
Quén lykhach DU #éunguin NTRIP  Map
+X £
o Wsnter Mourtpoint Password Data Postion AuthRequired NMEARequied  Show Postion  CalPosti Displacement A
0 | Demm Mourdpuil test 12345 0 21.0689652.105.7867575 = =) = =]
1| Demo Mountpoint 500051 1245 0 21.0682372.105.7872581 ¥} ] [m] [}
2 | Demo Moutpoint 500033 12345 0 22 3802341.102.804%026 M =] [m] [m]
3 | Demo Mountpoint 500068 12245 0 21.4974096.103.1260895 %) ] [} [}
4 | Demo Mountpoin 500086 12345 [} 21.8114361.102.7603085 = a 5] O
5 | Demo Mountpoint 500060 12345 0 21.4531307.102.3684656 %] O O (6]
6 | Demo Mountpoirt 500085 12345 0 47.0000000,8 0000000 |7} r n n
7 | Demo Mountpoint 500107 12345 ] 221773212 1024811569 = m] [m] ]
§ | Demo Mountpoint 500132 12345 ] 47.0000000,8.0000000 M =] a =]
S  Demo Mourtpoint [ 12245 189662 21.0717543.105. 7724804 %] [E] O
10 VinhPhue lapthach 12345 o 21 4275727.105. =] =] [m] O
1 VinhPhue it 12345 £2315 21.3197844 105.6133316 = =] _
12 NS HY MyHao 12345 u Z09187139.1061513449 %} a =] O
13 TO.TP 1245 0 20.4434040,106.3512772 M =] O (8]
» 4 SM76 17:ah 1] 21 DR/R000, 105 76 78000 M (o | O (=] _
15 500113 1245 0 21.0678000.105.7670000 =] ] [#] O
16 500110 17245 0 173197472 108 7704317 = O O [}
7 500043 12345 0 21.3487735.105. 465603 =] [ [m] O v

5/6/2023 11:165:58 AM: Add Clieri: trung : vinhyen

5/6/2023 11:15-38 AM: Add Chent: trung : vinfyen

5/6/2023 11:15.32 AMuvinhyen Got enough Datum Parameters
3/6/2023 11:15:12 AMhumaa Got enouch Datum Parameters
5/6/2022 11:15:05 AM: Add Client: trung : humga

5¢6/2023 9:20:30 AM: Add Chient: atogv vinhohuc | viniven
5/6/2023 8:58:17 AM: Server Disconnected: 125 234 228 185:57562
5¢6/2023 B:57:50 AM; New Server; 125.234.228 185.57562: 60160

Hinh 3: Giao dién cua phdan mém quan trac
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4. Thwe nghiém

Pé danh gia do chinh xdc va kha
nang ung dung ciia phuong phap dé xuat,
hai thuc nghiém dugc tién hanh. Thyc
nghiém thtr nhit nhim danh gia do chinh
xac va muc do cai thién cua cac phép xu
ly nhiu. Thyc nghiém thi 2 nham danh
gia kha nang 4p dung cua giai phap quan
trdc cong trinh bang GNSS véi diéu kién
thir nghiém tuong tur trong diéu kién cong
trinh trong thuc té.

4.1. Thue nghiém thir nhét

Pé thuc nghiém do chinh xac cua
phuong phap do GNSS RTK trong quan
tric cong trinh, mdt ban dich chia vach
dén mm dugc thiét ké dé ¢ thé dich may
¢ v (Hinh 4). May thu GNSS B290 duoc
dat trén ban dich dé do va dich ¢ ¥ tai
cac diém 6 vi tri g6m 0,2cm, 4 cm, 6 cm,
8 cm va 10 cm. O mdi khoang dich tién
hanh do trong 1 phut, léy tri do tho, tri
do véi phép loc Kalman va vai phép loc
2 chiéu 1a khoang cach giita cac khoang
dich. Két qua sau d6 so sanh véi khoang
dich thyc té dé phan tich. Bang phan tich
vé d6 chinh xac duge tinh theo sai s6 thuc
dugc trinh bay ¢ Bang 1.

Nghién ciru

Hinh 4: Thwc nghiém ddnh gid
do chinh xdc
Néu coi khoang cach gitta cac
khoang dich 1a khong c6 sai sd, sai sb
trung phuong do va xur ly dugc tinh theo
cong thuc:

[AA]
n

Trong do:

Sai s thuc: tri do - trj thuc.

Tri do: La khoang dich tinh duoc tr
cac tri do toa d§ & céc vi tri dat mdy thu.

Tr,i thuc: La khoang dich thuc té doc
truc tiép trén ban dich.

n: 1a s6 vi tri tht nghiém.

Bdng 1. Bdang so sanh d¢ chinh xdc giwra cdc dir li¢u truwdc va sau khi

xir Iy bang KF va RTS
STT Vi trit hir Ocm | 2cm | 4cm | 6ecm | 8cm | 10cm Sai b
nghiém trung phwong
1 |Saisdtridothd |0,0017 | 0,0183 |-0,0054 | -0,0080 | 0,0133 | 0,0016 0,0094
Sai s6 sau KF 0,0032 | -0,0095 | -0,0015 | 0,0031 | -0,0010 | 0,0080 0,0054
3 |SaisdsauRTS | 0,0024 | -0,0018 | -0,0003 | 0,0003 | 0,0007 | -0,0008 0,0013

Tir két qua thyc nghiém thtr nhét c6
thé thiy rang vdi giai phap loc nhidu 2
chiéu, ¢ thé cho dd chinh xéc quan trac
c& mm. Néu 1ay d6 nhan biét mirc d6 dich
chuyén bang 3 14n sai s6 trung phuong thi
trong diéu kién thong thoang, giai phap

ndy 6 thé nhan biét khoang dich 1a 3 x
1,3 =3,9 mm véi xéac suat 99 % sau 1 phut
hay 60 tri do.

4.2. Thuc nghiém thur hai
Trong thtr nghiém thr 2, nhoém tac

gia tién hanh do dac thir nghiém trén méc
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d3 duoc thanh 1ap két néi vdi cac diém
bd tri duoc xac dinh toa do trong h¢ toa
d6 VN2000. Cac diém HUMG, V, C, D
1a cac diém d3 c6 toa do duge xac dinh
trong hé toa do thi cong va h¢ VIN2000

wvan 280559

i Trudnq Dal

>
> e e Thang @

bing cong nghé GNSS tinh vdi tiéu chuan
moc khdng ché hang IV. Bang két qua toa
d6 dugc thé hién & Bang 2, trong do diém
HUMG dugc chon lam diém co s6. So dd
b6 tri dugc thé hién & Hinh 5.

581005 581450.

9\ 457
YN-2000-KTT-108. o@
| NISSAN PHAM

WE NCE‘N"

. @fu xdng 63

Bénh vién Pa Khoa@

Chung ctr An Binh @
- 521 C8 Nhué

ot
o
&

= Trudmg THPT Dan
Phuong Dén: | s 21 Thi Dign
23300682 0O Lap Bodn Thi Digm

?

OCTSB Resco Chung
Cu Thanh uy Ha Nai

VinF c..": Pham Van Dang

Khu'Da Thi H:—mﬁ'irf.‘-ssu@
a2
0 iISE-Q m A
"BaB0924Y 11zp cae 22022 Tele Az, maﬁ [T P
37.1m \
11.2m e il
-368.54 232.4 870.436 1508.472 2146.50¢

Hinh 5: So' @6 bé tri cdc diém thwe nghiém
Bing 2. Toa d¢ diém méc quan trdc trong VN2000

Tén diém X (m) Y (m) H (m)
D 2331062.9688 580897.2112 8.9225

C 2331072.5974 | 581277.6140 8.7803

\Y% 2331067.8212 | 580552.7458 8.7494
HUMG 2331091.3810 | 580178.1070 27.9200

Bdng 3. Thong so do chinh xdc ciia cdc thiét bi dwgc nha sdan xudt cung cap nhw sau

Tén thiét bi Leica GR50 Aitogy Ainav - B290
Thong s6 d§ chinh xac Mit bang: 6 mm + 1 ppm Mit bang: 8 mm + 1 ppm
do RTK D¢ cao: 10 mm +1 ppm D¢ cao: 15 mm +1 ppm

Céac may thu Aitogy Ainav - B290
dat tai cac diém V, C, D dé quan trac lién
tuc trong thoi gian 3 gid véi tn s dau ra
1 Hz (1 gidy/géi dit liéu). Piém HUMG
12 mot diém tram CORS dugc lép dat ¢b
dinh va lién tuc cung cép dir 1iéu cai chinh
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bdi may thu GNSS Leica GR50 (Hinh 6),
thong s6 d6 chinh xac may dugc trinh bay
& Bang 3. Tién hanh thu tin hiéu GNSS
RTK. Sau khi loc tin hiéu thu GNSS bang
phép loc 2 chiéu cho ra toa do chinh xac
cia cac diém V, C, D.

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 47 - nam 2023



Nghién ciru

Hinh 6: Thiét bi sir dung thir nghiém véi tram co sé va tram quan tréc
Thue hién quan tric bang GNSS tai 3 diém, ta c6 s lidu quan tréc tai cac diém.
Két qua so sanh toa d¢ gitra dit li€u tho va dir li€u da duogc xur ly qua phﬁn mém loc
nhidu duoc thé hién ¢ cac Hinh 7, 8, 9 va & Bang 4.

Tin hiéu thu khéng qua xt 1y loc nhiéu hai chiéu.

Error(m)

AN(RTS)  ceeeneee dN(Raw)

Hinh 7: Két qud loc nhiéu theo huéng Bic (N)

dE(m)

0,1

0,05

Error(m)

0

-0,05

dE(RTS) - dE(RAW)

Hinh 8: Két qua loc nhiéu theo huwéng Pong (E)
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0,15

0,1

0,05 ih A B b ]
0 Hialyiniii

-0,05
-0,1

-0,15
-0,2

dH(RTS)

Hinh 9: Két qud lgc nhiéu theo cao dé (H)
Bdng 4. So sdanh sai s6 toa dp

So sanh toa do khong qua loc So sanh toa do sau phép loc
Téndiém | dX(m) | dY(m) | dH(m) | mP(m) | dX(m) | dY(m) | dH(m) | mP(m)
D -0,0364 | 0,0360 | -0,0231 | 0,0340 | -0,0055 | -0,0048 | 0,0080 | 0,0073
C -0,0645 | 0,0410 | -0,0513 | 0,0316 | 0,0060 | -0,0037 | -0,0092 | 0,0070
\ -0,0064 | -0,0210 | 0,0236 | 0,0778 | -0,0053 | 0,0049 | -0,0094 | 0,0072

Két qua thuc nghiém cho thdy hé
thdng quan tric khi khong qua phép loc
dat d6 chinh xé4c tir 4 - 7 cm vé mat béng
va 8 - 9 cm vé dd cao, hé théng quan tréc
d3 qua phép loc hai chiéu dat do chinh xéc
tir 3,9 - 6,0 mm vé mit béng; 3,9-9,2 mm
vé dd cao.

So sanh vd1 d0 chinh xac & thu
nghiém tht nhat c6 thé thiy & thir nghiém
thtr 2, 36 chinh xac kém hon so vdi thir
nghiém tha nhat. Diéu d6 cho thiy két
qua ¢ thtr nghiém tht hai bi anh hudng
v6i s6 liéu chuan (x4c dinh bang do tinh
theo tiéu chudn ludi khong ché hang IV)
va trong diéu kién méi truong khong dugc
ly tuong (anh hudng boi cay cbi, dia vat
xung quanh), d6 chinh x4c quan tréc ciing
bi suy giam.

5. Két luan

Trong nghién ctru nay, nhom tac gia
d3 st dung ly thuyét ctia phép loc nhidu
2 chiéu dé thir nghiém trong quan tric tu
dong d6 bién dang cong trinh dua trén
cong nghé dinh vi v¢€ tinh. Pa 1ap dugc

phan mém quan ly dit liéu tir nhiéu thiét
bi quan tric, ddng thoi xu 1y dit liéu qua
phép loc hai chiéu nang cao do chinh xac
ctia cac phép quan tric.

Két qua tir thuc nghiém cho thay
rang v6i phép loc 2 chiéu, d6 chinh xac
quan tric tang 1én dang ké so vdi st dung
dir liéu tho tor may GNSS. Véi do chinh
X4c quan tric 3 - 6 mm vé mit bang va
¢d 1 cm vé cao d6. C6 thé ap dung giai
phap nay trong mét sé tmg dung phi hop
nhu quan tric truot 16 dit va cic tng
dung khac ¢ yéu cau do chinh xac tuong
duong.

Do bi anh huong boi moéi truong do
dac, khi quan tric bang GNSS can luu ¥
bd tri cac diém quan tric tranh cac vat can
lam gidm muc d§ thong hudng cia may
thu 1én bau trdi va tranh céc thiét bi thu -
phat song dién tur.
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