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TOM TAT

Heé théng quan tric ty dong da va dang dugc ung dung phé bién dé quan tric cdc cong trinh 16n trén thé
gi6i. Mot hé thong quan tric bao gdm nhiéu tram quan tric tu dong duoc lap dat tai cac vi tri dac trung cua
coOng trinh, 6 myc ti€u quan tréc cac dai lugng khac nhau nhu chuyen vi, lin, nghleng, Tét ca cic tram
duoc két nbi chung vao mot h¢ théng thong qua phan mém, truyén dan dit lidu quan tric thoi gian thyc cia
céc ddi twong quan tréc, tir dit liéu quan tric c6 thé phan tich, danh gid tinh trang theo thoi gian.

Do anh huong cua moi trudong va cac dleu kién do khac nhau, dir liéu do thuong bi anh huong boi nhiéu,
gdy ra cdc sai s6 do. Do vay loc nhidu 1a cin thiét trong cong tdc xu ly s6 liéu quan trac nhim dam bao d6
chinh xéc ciia két qua. do. Vi céc dif liéu quan tric lién tyc thoi gian thuc véi tan xudt tir vai glay dén vai
phut, chiing t6i d& xuét bd loc Kalman mé rong véi céc tham sd phit hop véi diéu kién quan tric tai Viét
Nam hién nay. Myc dich cua bai bdo la xay dyng md hinh todn hoc cho phép loc Kalman trong cdng tc
quan tréc chuyen vi cdng trinh. lién tuc tu dong.

Két qua nghién ciru cho thay rang: Khi 4p dung cdc phép loc dé xur 1y s6 liéu quan tréic, d chinh xac va do
tin cdy cau két qua quan tric tang lén dang ké so véi dir liéu chua qua xu ly. B chinh xdc quan tric dat 3.9
— 6.0 mm véi khoang thoi gian thu thp dif liéu trong 5 phiit. C6 thé mo rong kha niang ng dung giai phap
ky thudt nay trong cong tac: tu Van gidm sat xay dung, kiém tra nghiém thu va quan tric cdc cong trinh
phirc tap, nhim dem lai hiéu qua v& kinh té va k¥ thuat trong cong tc tric dia phuc vu thi cong céc cong
trinh xay dung & Viét Nam.

Tur khoa: Quan tric tu dong, GNSS, Kalman, Realtime, Loc nhiéu

1. Pt van dé

Trén thé gidi viéc nghién ciru va ing dung hé thong quan tric bién dang cong trinh thoi gian thue dugc
diic biét quan tAm va phat trién tir rit som. Véi cdc cong trinh quan trong nhu cu duong, san bay, cong
trinh thuy loi, thily dién, cdc cong trinh hdm 10 va khai thdc mo... vin d@ theo doi bién dang céc cong trinh
dugc dac biét quan tam.

Tu nhing nam 90 cua thé ky trudc, trén thé gisi dac biét 1a cac nudc phét trién da hoan thién va img
dung hé thong quan tric bién dang cong trinh thoi glan thue cho céc cOng trinh xay dung cta ho. Cac hé
thong quan tric phtrc tap da dugc xay lap ddng bo , gén trén cic ciy cdu 16n. cac dap thuy dién, nha ga,
ham 10

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

Muc dich chinh ciia viéc quan tric cong trinh thoi gian thyc 1a dé theo ddi tinh trang sirc khoe clia cong
trinh (Structure Health Monitoring), danh gia cac nguyén nhan tic dong va kip thoi phat hién nhiing hu
hong [1]. Trong do, cac thong sb dé danh gia tinh trang ctia cong trinh bao gdm mirc d6 chuyén dich, chuyén
vi, lin, nghiéng, vin sodn, d6 rung l4c, sirc cing két cau...Nhing tinh trang nay c6 thé duoc danh gia thong
qua cic thiét bi do dac, cam bién nhu may thu GNSS, may toan dac dién tur tu dong, cam bién nghiéng, cam
blen rung, cam bién sirc cang...Cac yeu t6 chinh gdy nén va lam anh huong dén strc bén cua cong trinh bao
gom tai trong cua cOng trinh va tai trong mang, cac tac dong tir moi truong nhu nhiét dg, dp sudt, gio, dong
dat va dnh sdng mat troi. Mic do tac dong cua cac yéu t6 moi truong c6 thé tinh todn, phan tich thong qua

* Tdc gia lién hé
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cdc cam bién nhu nhiét k&, 4p suét ké, phong ké, camera gidm sat va céc thiét bi phu trg khic [2].

Alojz Kopacik va nhom tac gia (2015)[2] gidi thiéu viéc quan tric thoi gian thyc clu day ving nhip 16n
Lafranconi ¢ Bratislava, Cong héa Slovak. Theo bai bdo nay, hé thdng quan tric ty dong bao gdm hai
nhém cam bién chinh 12 nhém céc cam bién tric dia bao gom may thu GNSS, may toan dac dién tir tu dong,
cam bién nghiéng véi d6 chinh xdc cao va nhém cam bién khi tugng bao gdm cam bién nhiét do, dp suét
d6 4m, toc do va hudng gio, vv...Cac cam bién nay dugc két ndi vao mét mdy tinh chu dé dong bd héa vé
thoi gian va céc sb lidu do dugc xir 1y bing phin mém Geomos cua hing Leica dé dua ra cac s liéu phén
tich.

Xiao Meng (2002) [3] da phan tich chi tiét va danh gia kha nang cta vi¢c quan trac bién dang ciu ¢ thoi
gian thyc st dung mdy thu GNSS va g1a tdc ké. Theo két luan cua tac gid, viéc lya chon va nang cao do
chinh xac dinh Vl clia GNSS 1a can thiét dé c6 thé dap ung duogc yéu cau quan tric chuyén dich cong trinh
& muc milimet vé do chinh x4c.

O nudc ta hién nay, Cong tic quan tric bién dang va tinh an toan cong trinh ngay cang dugc quan tdm
nghién ctru va ing dung. Mot ) truong dai hoc, cdc vién nghién ctru 16n da va dang bét tay vio nghién ciru
dé duara quy. trinh quan tric blen dang coOng trinh thoi gian thyc. Tuy nhién, cdc thiét bi mdy méc, cam
bién va ca phan mém xir 1y s6 liéu hau hét 1a duoc nhap khiu tir nuéc ngoai, trong do6 gia thanh cua 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 cdc hé théng hién tai [4].

Tir céc van dé trén, bai bao nay dé& xuat phuong phap loc nhidu dua trén phép loc Kalman nhiam nang
cao d chinh xdc quan tric chuyén dich cong trinh dya trén cdng ngh¢ dinh vi v€ tinh GNSS.

2. Co sé' Iy thuyét va phwong phap nghién ciu

2.1 Téng quan vé ¢ phép loc Kalman
Téng quan vephep woc luwong va loc Kalman

U6c luong la mot dang xir Iy $6 liéu nham tim gid cdc gia tri c6 dd tin cdy cao nhét cua céac dai lugng
can x4c dinh. Ban chét cua viée udc luong 1a xdc ham phan phéi xéc sudt cua cac dai luong can xé4c dinh.
Dé giai quyét van d& nay, cic mo hinh todn hoc hé théng vai luat phan phéi xdc sudt P(Xy| X1, Z1.5—1) V2
mo hinh tri do vai luat phan phéi xdc suét P (z;|x;) dugc xdy dung nhu cong thie 1 va 2.

X = fre(Xr—1, Wi) (D
zx = hy(Xk, Vi) )
Trong do:

X, € R™ la véc to trang thdi ¢ thoi diém k; wy, € R™ 1a nhidu hé théng; z;, € R™ 1a tri do hd trg;
v, € R™ 1a nhiéu tri do; fi,: R™ X R™ — R™ va h,: R™ x R™ — R™ la cdc ham cila vécto trang
thai va véc to tri do.

Néu xéac dinh dugc ham phan phéi xdc sudt sudt P(xy|Zz1.) thico thé xac dinh dugc tri xdc sudt nhit
cuia véc to trang thdi £%va ma tran hiép phuong sai tung ung Py.

DPé dat muc dich nay, theo ly thuyét ude lugng Bayes, hai budc udce luong duge thuc hién:

Bude 1: Tién doan trong d6 sir dung mo hinh hé thdng dé xac dinh tién doan ctia véc to trang thai x;, tai
thoi diém k véi cdc tri do o thoi diém k — 1 (2,._,) theo cong thiic:

POxklz) = [ POoel P (i)

Budce 2: Cap nhat: tai thoi diém k, néu c6 cdc tri do cap nhat, tién doan dugc cdp nhét theo cong thiic
sau:

3

P (zy|x )P (xx | Z1:-1) (€]
P(zy|z1.-1)

P(xglzyp) =

KF dugc xem nhu la mot dang dac biét cua ly thuyét u6c luong Bayes. Trong tudng hop ham hé thdng
va ham tri do c6 dang tuyén tinh, tr¢ thanh:

X = ProgpXe—1+ Wiy ()
z = Hpxp + vy (6)
Trong do:

®,_1., 12 ma tran tinh chuyén trang thdi tir thoi diém k -1 dén k;

Hj 1a ma trdn hé s6 biéu dién mdi quan hé giira tri do hd tro va véc to trang théi.

Trong KF, nhidu dugc gia thiét ring tuin theo lut phan bb chuin voi ky vong “0” va ma tran hi¢p
phuong sai Q;, va Ry,.

~N(0,Q) (7

~ N(0,Ry) ®)
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V6i giai thiét nay, cac PDFs tién doan va cap nhat s€ tuan theo ludt phan bd chuén voi ky vong X va
hiép phuong sai P nhu trong cong thtic (3) va cong thic (4).

P(xy|zg-1) = N (Xi; Xijk-1, Prj-1) )
P(xilzi) = N (ks Ziejier Prjie) o (10)
Phén tich dya trén nguyén 1y t6i thi€u hoa phuong sai, cac budc tinh toan ctia KF dugc trinh bay dudi
day:
* Tién doadn:
X" = Proqpli—q an
P7 = ®poqpPeoa ®hogy + Qi (12)

Véi X va Py 1a véc to trang thdi va ma tran hi¢p phuong sai tién doan
* Cdp nhdt:

Ki = Py H{[H Pg Hy + He]™* (13)
P, = P, — K H, Py (15)

Trong do: X Vﬁ‘Pk véc to trang thai va ma trdn hi¢p phuong sai cap nhat.
2.2. Phép lpc 2 chiéu o
Dé lam tang d¢ chinh xdc cua phép udce luong, phuong phap ude lugng tron duge de xuat doi voi cdc
l’rpg dung xu 1y tinq hiéu. Phan loai céc’ky thuat udc lugng tron thanh 3 nhom: co dinh diém (fixed-point),
¢0 dinh khoéng‘diém (f’ixed-lag), va co dinh khodng thoi gian fixed-interval. Theo do, gia st ty, ty la cac
thoi g@an kho dau va ket thic cta day dir ligu; ¢ 1a khoéqg thoi g%an udc luong; L 1a khung thoi gian gitta
hai di€ém uéc lugng nhu & Hinh 1. Trong phuong phép c6 dinh diém, ¢ c6 dinh va uéc luong %7 duge cép
nhat khi 7 ting. Trong phuong phap fixed-lag, udc lugng Xr_ LT dugc cap nhat khi Ttang, v6i L ¢b dinh.
Dé tranh truong hop ma tran suy bién trong truong hop téng quat va dé cung cip cac gia tri khoi tinh
thich hop, cac bién sb sau day dwoc dinh nghia:
Mg = P3? (16)
8yp = P516xp = Mgbxg (17)
Trong d6 M 12 ma tran d4o cia ma tran phwong sai. Udc luong tron duge bét diu sir dung két qua cua
udc luong Kalman thusn & ban ghi cudi cling #y nhu sau

Sxsy = Sxfy s Poy = Piy (18)
Phuong phap nay dan tdi viéc khoi tinh udc lugng Kalman dao dugc khai trién nhu sau:

Mgy = Py =Pl — Py’ =0, Pgy = (19)

895y = Pt 6%sy — Py 8%ty =0 (20)

2.3. Két hop ciia Kalman thudn vao dio trong woc lwgng hai chiéu

Uéc luong tron hai chidu 13 su két hop cua wée lugng thuan va déo vai cac cong thirc nhu sau:

1 11 o 21
Poo= (Pl +Ppc ) = M+ Mg)™! @b
o -1, SO o e
Zsie = Psie(Pic X + Paic Xgic) = Psi (MR + 95ic) 22)
= Pg[Mf R + Mg (R — 6X51)] = R — Psic8¥pie = Rifx — 6%y
2.4. Xay dwng mé hinh todn hoc cho phép loc Kalman maé rong
Xuét phat tir phuong trinh chuyén dich ciia mot diém trong khong gian 1 chiéu
2
Xe = Xpq + x4 T + EaT2 (23)
Ve = Veq +al ) 7 ) i (24)
Trong d6: x;, v, 1a vi tri van toc ¢ thoi diém t, a 1a gia toc chuyén dong.
[ %] (25)
| Ve
Hy
X, =|vx, |
[ vy, |
|th|
Lo,
Va cé thé viét lai:
X; = FX;_1 + Bu; (26)
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Trong d6 Bu,_, c6 thé dugc coi nhu thanh phin nhiéu hé théng.
MGo hinh tri do toa d¢ )
Trong du an nay, cdc tri do 1a toa d6 diém x, y, H, khi d6, phuong trinh tri do c6 dang nhu sau:

Xt
x|
Xt 10 00 0 0 o]H
[}’t]=0 1 0 0 0 0 oOffvxptV;
Ve 001 0 0 0 ol}v)
Ithl
) o: |
Trong d6 V; goi 1a nhicu tri do.
Co6 thé viét lai dang ma tran nhu sau.
4 =D X, +v, @7
Ma tran nhiéu tri do:
g2 0 0
R=Cov(V)=|[0 o} ©
0 0 of

M0 hinh tri do phwong vi
Trong trudng hop tri do cap nhat la phuong vi @d, , khi d6, phuong trinh tri do c6 dang nhu sau:
Xt
Ve
I H, I
VX,
Uyt
| vH, |
7]

od;=[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.
7 =D X, +v,
Ma tran nhiéu tri do:
R = Cov(P) = o2 ) (28)

Nhu vay sau khi xay dung dugc md hinh toan hoc ctia mé hinh chuyén dich toa do cho phép loc
Kalman, cac budc tinh todn dya trén thudt todn ctia phép loc Kalman dugc thuc hién tuan tu cac budc
theo cdc cong thire trén.

Phat hién trj do bat thwong tir phép loc Kalman

Trong cong thire cap nhat tri do:
Ky hiéu
inno = zy — DXy = Zx — ZpRrg (29)
Trong mdi trudng diéu kién ly tuong, d 16n cia véc to inno bang khong. Vi trong phép loc Kalman gia
thiét ring cc nhidu co luat phéan b chuén Gauss, do vy tap gia tri inno ciing tuan theo ludt phan b chuén

v6i ky vong khong va do 1éch chuin 6i,y,, VOi:
(30)
Oinno = O-%k + G%pre
Duya vao 1y thuyét xdc xuét thdng k&, néu inno tuén theo luat phan bd chuin, né s& duoc gidi han boi
mot gia tri nhat dinh véi mot do tin cdy nhat dinh:
linno| < &g.0inno (31)
Trong do6 g la h¢ s0 danh gid v6i mic tin cdy B (g950, = 1.96), |inno| 1a d6 16n ctia véc to inno, duoc
xac dinh boi cong thirc:
32
linno| = /Z)Z(+z}2,+zﬁ (32)
Duya trén tiéu chuén trong cong thic (31), Néu |inno| > €g- Oinno- thi tri do GNSS tuong tng s& bi loai
bo.
Dua vao céc thudt todn néu trén va ngdn ngit 14p trinh C#, trong thoi gian cong tdc tai cong ty va su
giup d& cua Cong ty da tien hanh thanh 1ap chuong trinh may tinh c6 tén la Aipos va ATG.monitoring dugc
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bd vin héa, thé thao va du lich; Cuc ban quyén tic gia cap Gidy chiing nhén quyén tic gia sb
1000/2021/QTG cho phan mém Aipos va Glay chung nhén quyen tic gia s6 5299/2021/QTG cho phan
mém ATG.monitoring va Web: http //atg monitoring.com/ st dung lam tu liéu cho bdo céo.
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Hinh 4. Glay chitng nhdn ban quyén phan mém va giao dién phan mém
3. Thuc nghiém

Muc dich: Dé danh gia tinh hiéu qua va do chinh xdc ciia phép loc, ta tién hanh do dac thir nghiém trén
mdc da duoc thanh 14p két ndi véi cac diém bd tri dwoc xac dinh toa do trong hai hé toa d6 VN2000 va
WGS84 tai truong dai hoc Mé - Bia chét.

Piém HUMG, V, C, D 14 cac diém d c6 toa d6 dugc x4c dinh trong hé toa do thi cong va hé VN2000 bing
cong nghé GNSSS tinh. Bang két qua toa do dugc thé hién ¢ Bang 1.
Tién hanh thu tin hiéu GNSS tai 04 mady thu, truyén dan tin hiéu vé ph?m mém Ainavi. Sau khi loc tin hiéu
thu GNSS bang b loc Kalman (KF) s& c¢6 toa d6 chinh xdc cia cac diém V, C, D, MDC.Diém HUMG 1a
tram tham chiéu hoat dong lién tuc CORS. Két qua so sanh toa d¢ gitra dir li¢u tho va dir liéu dd dugce xtr
1 qua phdn mém loc nhidu duoc thé hién ¢ Bang 2.

Bang 1. Toa d6 diém mdc quan tric

Tén diém X (m) Y (m) H (m)
D 2331062.9688 | 580897.2112 8.9225
C 2331072.5974 | 581277.6140 8.7803
\% 2331067.8212 | 580552.7458 8.7494
HUMG 2331091.3810 | 580178.1070 27.9200

Tin hiéu thu khéng qua xir ly loc nhiéu b%lng Kalman

Bang 2. So sanh toa do

So sanh toa do khong qua loc So sanh toa do sau phép loc
Téndiém | dX(@m) [ dY(@m) | dH(m) | mP(m) | dX (@) [ dY(@m) | dH(m) | mP(m)
D 00364 | 0.0360 | -0.0231 | 0.0340 | -0.0055 | -0.0048 [ 0.0080 | 0.0073
C 00645 [ 0.0410 ] -0.0513 | 0.0316 [ 0.0060 | -0.0037 | -0.0092 | 0.0070
\Y -0.0064 | -0.0210 | 0.0236 | 0.0778 | -0.0053 | 0.0049 | -0.0094 | 0.0072
HUMG -0.0041 | -0.0922 | 0.0954 | 0.0804 | -0.0045 | -0.0039 | 0.0039 | 0.0060

Két qua thyc nhi¢m cho thdy rang:

- Két qua ciia hé théng quan tric khi khong qua phép loc dat do chinh xdc tir 4 — 7 cm vé mit bing va 8-9
cm vé do cao.

- Két qua cua hé thdng quan tric da qua phép loc Kalman dat d6 chinh xdc tir 3.9 — 6.0 mm vé mit bing,
3.9-9.2 mm vé& do cao.

1102




Tir d6 cho ta thdy hé théng phép loc Kalman da dép ung duoc tiéu chuén quan tric cua cac cong trinh dic
thit yéu cdu d6 chinh xéc tir 6 mm v& mat bing va tir 9.2 mm vé do cao.

- Giai phdp k¥ thuét quan tric sir dung cong nghé GNSS két hop véi phan mém loc nhiéu cho phép b tri
quan tréc ty dong voi d6 chinh xac dam bao dugc céc yéu cau ky thudt can thiét ma tiéu chuan xdy dung
d3 d@ ra. Giai phdp k¥ thudt nay c6 thoi gian do dac va xir 1y sb liéu rat nhanh (thoi gian xur ly s6 liéu tur 1-
5 phat) diéu nay hoan toan phit hop véi dic diém thi cong xay dung cdc cong trinh cn su quan tric lién
tuc 0 nudc ta. Bo ciling chinh 1a tinh hiéu qua ctia ndi dung nghién ciru.

- C6 thé mo rong kha nang ung dung giai phap k¥ thuat nay trong cong tac: tu van gidm sdt xay dung, kiém
tra nghiém thu va quan tric cic cong trinh phtic tap, nhdm dem lai hi¢u qua vé kinh t& va k¥ thuat trong
cong tic tric dia phuc vu thi cdng cdc cong trinh xay dung ¢ Viét Nam.

4. Két luan

Tu nhitng nghién ctru, khao st va phén tich vé& ndi dung 1y thuyét va céc tinh todn thuc nghiém cua cong
téc thiét ké va xir 1y sb lidu quan tréc tw dong bing GNSS téc gia luan vin c6 két luan nhu sau:

- Phuong phap do quan tric truyen thdng doi hoi c6 k¥ thuat cao, tay nghé K§ su doi hoi chuyén nghiép.

V6i phuong phép quan tric tu dong bing GNSS ¢6 d6 chinh xdc mit bang > 6 mm duoc da khic phuc duoc
hiéu qua nhuge diém cia phuong phap do thong thuong, khu vuc khong thé thyc hién dugc va cho két qua
v6i d0 tin cdy cao, giam dugc ti da vé nhan lyc thuc thi 0 0 thyc dia, tdng nang suét lao dong, giam thoi gian
thuc dia. S6 luong phép do 16n lam ting do tin cdy cia s6 liéu do va dat hiéu qua kinh té cao.
Giai phép k¥ thuat quan tric sir dung cong nghé GNSS két hop véi phan mém loc nhiéu cho phép b tri
quan trac ty dong v6i do chinh xac dam bao dugce cdc yéu cau ky thuét can thiét ma tidu chuan xay dung
da dé ra. Giai phdp k¥ thuat nay c6 thoi gian do dac va xtr 1y s lidu rat nhanh (thoi glan xir 1y s6 lidu tir 1-
5 phut) didu nay hoan toan phu hop véi dac diém thi cong xdy dung cdc cong trinh can sy quan tric lién
tuc ¢ nudc ta. Do ciing chinh 1a tinh hi¢u qua ctia ndi dung nghién ctru.

C6 thé mo rong kha ning Umg dung giai phdp ky thudt nay trong cong tac: tu van gidm sat xay dyng,

kiém tra nghiém thu va quan tric cdc cong trinh phirc tap, nhim dem lai hiéu qua vé kinh t& va k¥ thuat
trong cong tic tric dia phuc vu thi céng cdc cong trinh xdy dyung ¢ Viét Nam.
Duya trén céc chu ky dich chuyén, tham sé dich chuyén; Két hop céc tai liéu nghién ciru Dia cht cong trinh,
Dia chét thily vin dé xay dung cdc canh bdo, cic ham du bdo ldn, nghiéng, dich chuyén mét céch tong hop,
g dung cac phuong phap théng ké, dé phan tich danh gia muc do an toan ciia cic cong trinh nhu bo mo,
béi thai, ... mot cdch toan dién.

Ngoal céc két qua quan tric tu dong bang phuong phap GNSS can phai quan tric s0 liéu cac yéu t6 lién
quan, anh hudng dén qué trinh chuyen dich va bién dang cong trinh.
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ABSTRACT
Noise filtering in Structure Deformation monitoring using GNSS

Duong Thanh Trung" *, Lai Duc Truong?, Hoang Anh Tuan'
! Hanoi University of Mining and Geology
2 Aitogy Infrastructure Technology., JSC

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,
etc. All stations are generally connected to a control system through software, transmission of real-time
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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 3mm
with data collection interval of 5 minutes and drift of 5mm during 1 minute.

Keywords: Deformation monitoring, GNSS, Kalman Filter.
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