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Nghién curu

GIAI PHAP NANG CAO PQ CHINH XAC TRONG
QUAN TRAC CONG TRINH BANG CONG NGHE GNSS RTK

Dwong Thanh Trung!, Hoang Anh Tuin', P§ Vin Dwong?
'"Truong Pai hoc M6 - Dia chat
*Truong Dai hoc Tai nguyén va Moi truong Ha Noi
Tém tit
Quan trdc chuyén dich cong trinh la mét trong cdc tham sé dé danh gia va canh bdo
vé sitc khoe cdc cong trinh xdy dung. Quan tric chuyén dich bang GNSS theo phwong
phap do déng thoi gian thiee (GNSS RTK) di duwoc g dung phé bién véi wu diém & tinh
tw dong hoa cao va cho bao cao o thoi gian thuc. Tuy nhién, do anh huong cua moi truong
va cdc diéu kién do khdc nhau, dit liéu GNSS RTK thwong bi suy giam do chinh xdc dang
ké so vdi cdc phirong phdp truyén thong. Do véy, nghién civu ndy tdp trung vao cdc phwong
phdp loc nhiéu trong tri do GNSS RTK nham ndng cao dg chinh xdc ciia két qua do. Vi
cdc dir liéu quan trdc & thoi gian thuce voi tan sé dau ra c& 1 Hz, nhém tdc gia dé xudt
phwong phdp loc hai chiéu diea trén thudt todn Kalman mé réng véi cc tham sé phi 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 tw dong. Két qua nghién ciru cho thdy rang khi dp
dung cdc phép loc dé xit Iy 56 liéu quan trdc, do chinh xdc va do tin cdy ciia két qua quan
tric bang GNSS RTK ting lén déing ké so voi dit lidu chwea qua xir Iy. Bé chinh xdc quan
trdc dat 3,9 - 6,0 mm véi khodng thoi gian thu thip dit liéu trong 1 phiit.
Tir khéa: Quan tréc 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 resullts.
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 ciru
1. Pat van dé

Ngay nay, cung v6i su phat trién kinh
té - xa hoi, cac cong trinh co s ha téng
quy mo l6n ngay cang gia tang. Cac cong
trinh xay dung 16n thuong phai chiu tac
dong manh cta nhiéu yéu t6 ngoai canh
nhu tai trong, gid, nhiét do, dong dat,. ..
Nhiing tac dong ndy gay ra su bién dang
va su thiéu 6n dinh cua cong trinh. bé
danh gia tinh trang cua cong trinh va kip
thoi phat hién nhimng van dé bat 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 dic biét 1a cac nudc phat
trién da hoan thién va tmg dung hé thng
quan tric bién dang cong trinh thoi gian
thuc cho cac cong trinh xay dung cuia ho.
Céc hé théng quan tric phirc tap di duoc
xay lap dong b, gan trén cac cdy cau lon.
cac dap thuy dién, nha ga, ham 1o.

Pi dau trong linh vuc nghién ctru va
phat trién cac giai phap quan tric bién
dang cong trinh phai ké dén cac cong ty
16n, céc tap doan da qubc gia nhu: Leica
(Thuy si), VSL (Thuy Si), GeoKon (MY),
Slope Indicator (MY),...

Muc dich chinh cta viéc quan tric
cong trinh thoi gian thuc 1a dé theo
ddi tinh trang stc khoe cua cong trinh
(Structure Health Monitoring), danh gia
cac nguyén nhan tadc dong va kip thoi
phat hién nhiing hu héong [1]. Trong do,
cac thong s6 dé danh gia tinh trang cua
cong trinh bao gdm muc do chuyén dich,
chuyén vi, lan, nghiéng, van xo04n, do
rung lac, strc cang két ciu,... Nhiing tinh
trang nay co thé duoc danh gia thong qua
cac thiét bi do dac, cam bién nhu may thu

GNSS, may toan dac dién tur ty dong, cam
bién nghiéng, cam bién rung, cam bién
strc cang,... Cac yéu té chinh gy nén va
1am anh hudng dén sirc bén cua cong trinh
bao gdm tai trong ctia cong trinh va tai
trong mang, cac tac dong tir moi trudng
nhu nhiét do, ap sut, gio, dong dat va 4nh
sang mat troi. Muc dd tac dong cua cac
yéu té moi truong c6 thé tinh toan, phan
tich thong qua céc cam bién nhu nhiét ké,
ap suat ké, phong ké, camera giam sat va
cac thiét bi phu trg khac [2].

AlojzKopacik vanhoémtac gid (2015)
[2] gi6i thiéu viéc quan tric thoi gian
thuc cau day ving nhip 16n Lafranconi
¢ Bratislava, Cong hoa Slovak. Theo bai
bao nay, hé thong quan tric ty dong bao
gdém hai nhom cam bién chinh 13 nhém
cac cam bién tric dia bao gdm may thu
GNSS, may toan dac dién to tu dong,
cam bién nghiéng véi d6 chinh xac cao va
nhom cam bién khi tugng bao gdm cam
bién nhiét do, ap suat, 46 am, téc do va
hudng gid,... Cac cam bién nay dugc két
nbi vio mot may tinh chu dé dong bo hoa
vé thoi gian va cac s6 liéu do duoc xur 1y
bang phan mém Geomos cua hing Leica
dé dua ra cac s6 liéu phan tich.

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

Ehsan va nhom tac gia (2021) [4]
da phan tich cac phép do GNSS trong
quan tric bién dang cau dya trén phép
loc Kalman va mang Noron than kinh
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nhan tao. Két qua nghién ctru chi ra rang
phuong phap nay c6 thé dugc ap dung dé
loc nhiéu nham nang cao do chinh xac cta
két qua quan tric dén c& mm. Van d& cua
nghién ctru nay can co6 luong tri do chuan
du 16n dé huan luyén mo hinh sai s cho
phép udc lugng.

Cejing va nhom tac gia (2023) [5]
gi61 thiéu giai phap tich hgp GNSS va gia
téc ké voi mo hinh nhidu thich nghi. Két
ludn ctia bai bao chi rang phép loc Kalman
c6 y nghia 16m trong viéc xir y nhiéu, dic
biét 1a trong cac bién dong phirc tap. Tuy
vay, voi thuan tuy tri do GNSS, céc tri do
v6i sai s6 16n bat thuong c6 thé xuat hién
trong nhitng diéu kién khong dugc du
doan trude va gia toe ké co tac dung phat
hién nhiing sai sb nay trong phép do quan
trac. Han ché cua giai phap nay nam o gia
ca cua hé théng, dac biét 1a gia tbe ké du
nhay dé c6 thé phat hién cac tri do GNSS
bét thudng.

O nuéc ta hién nay, cong tic quan
trac bién dang va tinh an toan cong trinh
ngay cang dugc quan tdm nghién ctru va
ung dung. Mot s6 truong dai hoc, cac vién
nghién ctru 16n di va dang bt tay vao
nghién ctru dé dua ra quy trinh quan tric
bién dang cong trinh thoi gian thuc. Tuy
nhién, cac thiét bi may moc, cam bién
va ca phan mém xur 1y s6 liéu hau hét 1a
duoc nhap khau tir nude ngoai, trong do
gia thanh ciia cac thanh phan nay khé cao
trong diéu kién Viét Nam, diéu nay lam
giam kha ning tiép can, van hanh ciing
nhu cai tién cac hé théng hién tai [8].

Tir cac van dé trén, bai bao nay dé
xuat phuong phap loc nhiéu dua trén phép
loc Kalman két hop véi phép loc 2 chiéu
thoi gian thuc nham nang cao do chinh
xé4c quan trac chuyén dich cong trinh dya

Nghién curu
trén cong ngh¢ dinh vi v¢ tinh GNSS.

2. Co s& 1y thuyét va phwong phap
nghién ctru

2.1. Tong quan vé phép loc Kalman

2.1.1. Téng quan vé phép wéc hrong
va loc Kalman
Udc lugng 1a mot dang xur 1y sb licu
nham tim ra cac gia tri ¢6 dd tin cay cao
nhat cta cac dai luong can xac dinh [4].
Ban chét cua viéc udc luong 1a xac dinh
ham phan phdi xac suat ctia cac dai lugng
can xac dinh. Dé giai quyét vin dé nay,
cac mo hinh toan hoc hé théng voi luat
phan phéi x4c suat va mé hinh tri do véi
luat phan phéi xac suat dugc xdy dung
nhu cong thue (1) va (2).
X = fr(Xp-1, W)

Z = hy (xg, i)
Trong do:

(1
)

X, € R™ 1a véc to trang thai ¢ thoi
diém k; wy € R™ 1a nhidu hé thong;
Z, € R™ 1a tri do hd trg; vx € R™ 1a
nhiéu trj do; fi: R™ X R™ — R™ v3
hi:R™ X R™ — R™ [a cac ham cua
vécto trang thai va véc to tri do.

Néu xac dinh dugc ham phan phdi
P(xx|z1.) x4c suat thi co thé xac dinh
duge tri xac suét nhat cia véc to trang
thai £% va ma tran hiép phuong sai twong
ung P,.

Pé dat myc dich nay, theo 1y thuyét
udc luong Bayes, hai budc udc lugng
duoc thuc hién:

Buoc 1: Tién doéan trong do st dung
mo hinh hé théng dé xac dinh tién doan
cua veéc to trang thai x, tai thot diém k véi
cac tri do & thoi diém & - 1 (Z1.4-1) theo
cong thuc:

Tap chi Khoa hoc Tai nguyén va Méi truong - S6 47 - nam 2023
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Nghién ciru

PCailze_) = j Pt xe-)P (o 121Xt (3)

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

Pz |x ) P (x| Z21:1-1)
P(zy|zy:k-1)
Phép loc Kalman (KF) dugc xem

nhu 13 moét dang dic biét cua 1y thuyét

ude lugng Bayes. Trong truong hop ham
hé théng va ham tri do c6 dang tuyén tinh,
tr¢ thanh:

4

P(xylzyy) =

X = Pr_1,16Xk—1 + Wi—1

()
(6)

z, = Hpxp + vy
Trong do:
® ., la ma tran t’inh chuyén trang
thai tur thoi diem k -1 dén k;
H, 1ama tran h¢ s6 bieu dién mdi quan
h¢ gitra tri do ho trg va véc to trang thai.
Trong KF, nhiéu duoc gia thiét rang
tuan theo luat phan b6 chuan véi ky vong
“0” va ma tran hi¢p phuong sai Q, va R,.
wi~ N(0, Q) (7)
v~ N(O,Ry) (8)
V6i giai thiét nay, cac ham mat do
xac suat (PDFs) tién doan va cdp nhat s&
tuan theo luat phan b6 chuan véi ky vong
Xva hi€p phuong sai P nhu trong cong
thirc (3) va cong thuc (4).

P(xp|zi—1) = N(Xi; Rije—1, Prje—=1)  (9)
P(xglzx) = N(Xp; Xiejes Prpre) - (10)

Phén tich dya trén nguyén 1y tdi thiéu
hoéa phuong sai, cac budc tinh toan cua
KF duoc trinh bay dudi day theo [7]:

* Tién doan:
X"k = D11 X1

(11)

18

P i = @ 1P 1 @horie + Qe (12)
Véi X, va Py 1a véc to trang thai va
ma tran hi¢p phuong sai tién doan

* Cap nhat:
Ky = PgHi[H P Hg + H J™0 (13)
X = X + Ke(zie — HX)  (14)
P, = P — KpHp Py (15)

Trong dé: X va P_véc to trang thai
va ma tran hi¢p phuong sai cap nhat.
2.2. Phép loc 2 chiéu

Dé lam ting d6 chinh xac cua phép
udc luong, phuong phap udc luong hai
chiéu duoc Rauch-Tung-Striebel (RTS) dé
xudt dbi v6i cac tng dung xur 1y tin hiéu.
U'c lwong hai chiéu don gian 1a sy két hop
cua chiéu thuan va chiéu dao KF. Nhu mo
ta trong Hinh 1, KF thuén (FKF) cho 161
gidi uéc lugng tir trude dén thoi diém t,
va KF dao (BKF) udc luong 101 gidi udc
luong tir sau tré vé thoi diém t. Lot giai
ctia phép wéc lwong hai chiéu duoc tinh 13
tri trung binh trong s6 ctia FKF va BKF
nhu trong cac cong thic (16) va (17).

(16)
(17)

Rsk = Pg(PigXpk + PoxXpk)
Psx = (Prg + Pag)™?

E[lxg | 2, t€(0,T)]
~ -1~ - =l
Row = PP B + Poi "R
-1 - =1y
Py = (P +Pp D!

Hinh 1: Uéc luwong 2 chiéu
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Trong d6, cac ky hiéu chi s6 dudi S,
F, va B 1a ky hiéu két qua u6c lugng tron,
chiéu di va chiéu ve.

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

Xuit phat tir phuong trinh chuyén
dich cia mot diém trong hé toa do phang
(18)
(19)

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

1
Xy = Xp_q +vxe T + EaT2

Ut = vt—l + aT

diém t, a 1a gia tc chuyén dong.
Néu thiét ké véc to trang thai nhu sau:

— xt -
Ve
H;
vX;
VY
vH,

L @ |

Va c¢6 the viét lai:

(20)

Xt == FXt—l + But (21)

Trong d6 Bu,, co thé dugc coi nhu
thanh phan nhiéu hé thong.

* Mé hinh tri do toa do

Trong mo hinh toan hoc phép loc
Kalman m¢ rong, céc tri do (x, y, H) 1a
toa do diém. Khi d6, phuong trinh tri do
c6 dang nhu sau:

Xt
Yt
Yt

o

o

1 0
0 1
0 0

0 0
0 0
1 0

o O© O
o O O
o

| @, |
Trong do V, goi 1a nhiéu trj do.

Co thé viét lai dang ma trdn nhu sau.

+V;

Nghién curu
z, =D, X, +v, (22)

Ma tran nhiéu trj do:

g? 0 0
R=Cov(V)=1|0 g O
0 0 of

* M6 hinh tri do phwong vi

Trong truong hop tri do cap nhat 1a
phuong vi @dy, khi d6, phuong trinh trj do
c6 dang nhu sau:
]
Yt
H,
VXt

Uyt
vH,

[ 5, |

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

Trong d6 P, goi la nhiéu phuong vi do.
Co thé viét lai dang ma tran nhu sau.

z,=D,X, +v,

Ma tran nhiéu trj do:

R = Cov(P) = of (23)

Nhu vay, sau khi xay dyng dugc md
hinh toan hoc cua md hinh chuyén dich
toa do cho phép loc Kalman, cac budc
tinh todn dya trén thuat toan cta phép loc
Kalman duoc thuc hién tuan tu cac budc
theo cac cong thirc da trinh bay ¢ trén.

* Phdt hi¢n tri do bit thwong tiv
phép loc Kalman

Trong cong thirc cap nhat tri do (14),

Ky hiéu

inno =z — HX;, = zx —Zprg  (24)

Trong mdi trudng diéu kién 1y tudng,
d6 16n cla véc to inno bang khong. Vi
trong phép loc Kalman gia thiét ring cac
nhiéu c6 luat phan bd chuin Gauss, do
vay tap gid tri inno cling tuan theo luat

19
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Nghién ciru

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

— 2 2
Oinno = ’sz + 0Zpre

Dua vao Iy thuyét xac xuat thong ke,
néu inno tuan theo luét phan bd chuén, n6
s& dugc gioi han boi mot gia tri nhat dinh
v6i mot do tin cay nhat dinh:

(25)

Iinnol < €8- Oinno (26)

Trong d6 1a hé sé danh gia v6i muc
tin cdy (), 1a dd 16n cia véc to, dugc xac
dinh b1 cong thuc:

: _ , 2
linno| = |z + z§ + z

(27)

Dua trén tiéu chuin trong cong thic
(31), Néu , thi tri do GNSS tuong tng s&
bi loai bo.

3. Thiét ké phin mém quan tric

Phin mém quan tric dwgc nhém
nghién ctru thiét ké va 1ap trinh trén nén
hé diéu hanh Window OS thong qua ngén
ngtt C#. V&i co sé nguyén 1y phuong thirc
quan ly NTRIP (Networked Transport of
RTCM via Internet Protocol), phin mém
cho phép thu thap dir liéu dong thoi tir cac
tram quan trac va xtr 1y loc nhidu, quan
1y va xuit bao céo. So dd khdi cua phan
mém duoc trinh bay ¢ Hinh 2 va hinh anh
giao dién cua phén mém duoc thé hién &
Hinh 3.

r ™ ' & ~
Tham s6 hé toa dg Mang ludi CORS
- J — J
RTCM RTCM
r ~ s ~ RTCM 7~ ™
NTRIP Source/3G RTK Processing NTRIP Caster
. J . v \ v
RTCM XY, H dX, dY, dH
s N - N s ~
May thu GNSS RTK Cap nhat vi tri Web quan triac
. J \ P - v
A Xe - A A 4
Hinh 2: So do khoi ciia phan mém quan tric
% Quin I¥ luBng NTRIP - o X
File  Help
Il & = P 1031595073 + Cdng 2101 + Hanmoc khdch 1000 5/672023 11:16:06 AM
Guénljkhach Ddunguin NTRIP Mg
+ X £
No \dentfier Mourtpoirt Password Data Pastion AuthRequired NMEARequred  Show Postion  CalPostic Displacement ~
0 | Domo Mowtpunt st 12345 0 21.0689652.105.7367575 =] =] [=] =
1| Demo Mountponnt 500051 12345 0 21.0682372.105.7872581 %] (W] [] (W]
2 | Demo Mountpoint 500039 12345 0 22.3802341.102.8049026 =] O O O
3 | Demo Mountpoint 500062 12345 0 21.4574086,103.1260995 [¥] [W] [H] (W]
4 | Demo Mountpoint 500086 12345 0 21.8114961,102.7609085 = [m] [m] =]
5 Demo Mourtpaint 500060 12345 0 21.4531307.103, 3694656 =) O O O
6 | Demo Mountport 500085 12345 0 47.0000000.8.0000000 M r r r
7 | Demo Mountpoint 500107 12245 0 22.1773212.102.4811569 O O O
& | Demo Mountpont 500132 12345 0 47.0000000.8.0000000 |5l r r =]
§ | Demo Mountpoint - 12345 189662 21.0717543,105 7734804 [=] [m] O
] VirhPhuc Iapthach 12345 0 21 4275727.105 4325577 =] [m] [m] =]
n ViehPhos vinhyen 12345 623145 21.3197844.105.6133916 [=]
12 XNS HY.MyHao 2385 [ 20918/139.106.1513449 =] [m] [m] [m] |
13 To.Tr 12345 0 20 4434040,106.3512772 =] O [m] O
» 4 SHN26 174% i 21 06 7000105 76 7H000 i) () O O _
15 500113 12245 0 21.0678000.105.7678000 =] 0 [m] O
18 500110 12345 0 173192432.106 7204317 =] O [H] [m]
17 500043 12345 0 21.3487735,105. 3465603 [=] [m] [m] [m] v

'6/2023 11:15:58 AM: Add Client: trung : vinhyen
¥6/2023 11:15:38 AM: Add Clent: trung : vinhven
/2

2 umga
2023 5:20-30 AM: Add Client: atogy vnhohuc : vinyen

/2023 B:58:17 AM: Sarver Disconnected: 125.234.228.185:57562
/6/2023 B:57:50 AM: New Server: 125.234 228, 185:57562 60160

Hinh 3: Giao dién cuia phan mém quan trac
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4. Thyc nghiém

Dé danh gid do chinh xac va kha
nang tng dung ctia phuong phap dé xuat,
hai thuyc nghiém duoc tién hanh. Thuc
nghiém thir nhat nham danh gia do chinh
xac va muc do cai thién cua cac phép xur
1y nhidu. Thyc nghiém thir 2 nhim danh
gia kha nang ap dung ctia giai phap quan
trac cong trinh bang GNSS véi diédu kién
thir nghiém tuong tu trong diéu kién cong
trinh trong thuc té.

4.1. Thue nghiém thir nhit

bé thuc nghiém do chinh xéac cua
phuong phap do GNSS RTK trong quan
trac cong trinh, mot ban dich chia vach
dén mm dugc thiét ké dé co thé dich may
c¢b ¥ (Hinh 4). May thu GNSS B290 duoc
dat trén ban dich dé do va dich ¢d v tai
cac diém 6 vi tri gom 0, 2 cm, 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 v6i phép loc Kalman va vai phép loc
2 chiéu 1a khoang céach gitra cac khoang
dich. Két qua sau dé so sanh v&i khoang
dich thuc té dé phén tich. Bang phan tich
vé d6 chinh x4c dugc tinh theo sai sd thuc
duoc trinh bay ¢ Bang 1.

Nghién curu

Hinh 4: Thuc nghiém danh gia
do chinh xdc

Néu coi khoang cach giita cac
khoang dich 13 khong co sai sb, sai sb
trung phuong do va xu 1y dugc tinh theo
cong thuc:

[AA]

n

Trong do:

Sai s6 thuc: tri do - tri thuc.

Tri do: La khoang dich tinh dugc tur
cac tri do toa do & cac vi tri dat may thu.

Tri thuc: La khoang dich thuc té doc
truc tiép trén ban dich.

n: 1a so vi tri thir nghiém.

Bdng 1. Bing so sanh dj chinh xdc giira cdc dir li¢u trwdc va sau khi

xit Iy bang KF va RTS
STT Vi m;t hir Ocm | 2cm 4cm | 6ecm | 8cm | 10cm Sai b
nghiém trung phwong
Sai s tri do thd | 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 |Sai s6 sau RTS 0,0024 | -0,0018 | -0,0003 | 0,0003 | 0,0007 | -0,0008 0,0013

Tir két qua thue nghiém tht nhit co
thé thdy rang voi giai phap loc nhidu 2
chiéu, c6 thé cho do chinh x4c quan tric
c& mm. Néu liy do nhan biét muc d6 dich
chuyén bang 3 1an sai s6 trung phwong thi
trong diéu kién thong thoang, giai phap

nay co6 thé nhan biét khoang dich 1a 3 x
1,3 =3,9 mm vdi xac suat 99 % sau 1 phut
hay 60 tri do.

4.2. Thuwe nghiém thir hai
Trong thur nghiém th 2, nhom tac

gia tién hanh do dac thir nghiém trén mdc
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Nghién ciru

da dugc thanh lap két ndi véi cac diém
bd tri duge xac dinh toa do trong hé toa
d6 VN2000. Cac diém HUMG, V, C, D
1a cac diém d3 c6 toa d6 duge xac dinh
trong hé toa do thi cong va h¢ VN2000

bang cong nghé GNSS tinh véi tiéu chuin
méc khdng ché hang IV. Bang két qua toa
d6 dugc thé hién ¢ Bang 2, trong d6 diém
HUMG duoc chon 1am diém co sd. So dd
b6 tri duoc thé hién & Hinh 5.

L v5,3B0559 581005 1] sapwq ol 9
B YN-2000- P LERA
e *  NISSANPHAM n
rudng Dai = VAN BONG
) hoc Mo - g
Dia chat B
HUMG 2 @l’ / xang 63
oy ©.9
'
T iy - \umrul Pham Van Bang
Bénh vien ba Khoa@ Trutmng THPT Déan Q
Phuong Bon 3 an Thi Digm
2330968.2 g g Lép Boan Thi Digém
Chung cur An Binh 9
- 521 C8 Nhug A
3 Siéu thi dién may/HC 3
3
=
OCTSB Resce Chung Vietinbank o
Cur Thanh uy Ha Nai A
Khu Ba Thi \-Iandi.’escuq
a8
0 669 m
1 \
AIBODLI 12 2at= 22022 Tole Anies, Imezey BT TorelErRE
374m \
/’
\ H- /
11.2 m
-368.54 232.4 870.436 1508.472 2146.50¢

Hinh 5: So' do bé tri cdc diém thwe nghiém
Bing 2. Toa d¢ diém méc quan tric 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
Bing 3. Thong sé dj chinh xdc ciia cdc thiét bi dwoc nha sin xudt cung cdp nhw sau
Tén thiét bi Leica GR50 Aitogy Ainay - B290
Théng so do chinh xac Mat bang: 6 mm + 1 ppm Mait bang: 8 mm + 1 ppm
do RTK D¢ cao: 10 mm +1 ppm Dg cao: 15 mm +1 ppm

Céc may thu Aitogy Ainav - B290
dit tai cac diém V, C, D dé quan tric lién
tuc trong thoi gian 3 gid v4i tan s6 dau ra
1 Hz (1 giay/go6i dir liéu). Piém HUMG
12 mot diém tram CORS duoc lép dat ¢b
dinh va lién tuc cung cép dit liéu cai chinh

22

bdi may thu GNSS Leica GR50 (Hinh 6),
thong s6 d6 chinh xac may duoc 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 dd chinh xac

cua cac diem V, C, D.
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Nghién ciru

Hinh 9: Két quad loc nhiéu theo cao dé (H)
Bing 4. So sdnh sai sé toa dj

So sanh tga d§ khong qua loc So sanh tga d 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
Vv -0,0064 | -0,0210 | 0,0236 | 0,0778 | -0,0053 | 0,0049 | -0,0094 | 0,0072

Két qua thuc nghiém cho thiy hé
théng quan trac khi khéng qua phép loc
dat d6 chinh xéc tr 4 - 7 cm vé mit bﬁng
va 8 - 9 cm vé dd cao, hé théng quan tric
da qua phép loc hai chiéu dat d6 chinh xéac
tir 3,9 - 6,0 mm vé mat béng; 3,9-9,2mm
vé do cao.

So sanh v6i dd chinh xac & thu
nghiém thir nhit c6 thé thiy & thir nghiém
thr 2, @0 chinh xac kém hon so véi thir
nghiém thit nhét. Diéu d6 cho thdy két
qua ¢ thu nghiém thu hai bi anh hudng
v6i s6 lidu chuan (xac dinh bang do tinh
theo tiéu chuan luéi khdng ché hang IV)
va trong diéu kién méi truong khong duoc
Iy twong (anh huong boi cay cdi, dia vat
xung quanh), d6 chinh x4c quan tric ciing
bi suy giam.

5. Két luan

Trong nghién clru ndy, nhom tac gia
da st dung 1y thuyét cua phép loc nhidu
2 chiéu dé thir nghiém trong quan tric tu
dong do bién dang cong trinh dya trén
cong ngh¢ dinh vi v€ tinh. Pa 1ap duoc

24

phan mém quan 1y dir lidu tir nhiéu thiét
bi quan tric, dong thoi xtr 1y dit liéu qua
phép loc hai chidu nang cao d6 chinh xac
ctia cac phép quan tric.

Két qua tr thuc nghiém cho thiy
rang voi phép loc 2 chidu, do chinh xac
quan tric ting 1én dang ké so véi sir dung
dir liéu thd tr may GNSS. Vi do chinh
X4c quan tric 3 - 6 mm vé mit bang va
¢y 1 cm vé cao d. Co thé ap dung giai
phép nay trong mot sd img dung phu hop
nhu quan tric truot 16 dat va cac tng
dung khéc c6 yéu cau do chinh x4c twong
duong.

Do bi anh hudng bdi moi truong do
dac, khi quan tric bang GNSS can luu y
b6 tri cac diém quan trac tranh cac vt can
lam gidm muc do thong hudng cia may
thu 1én bau trdi va tranh cac thiét bi thu -
phat song dién tur.
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