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analysis of deformation gje
in the local topocentric coq

1'
Hoang Ngoc Ha™, Luu Anh Tuap!
iyniversity of Mining and Geology,18 Vien 51
4anoi University of Natural Resources - ¢

Abstract: with the impact of clin -
and the jmpact of rising sea levels
areas of our country, there are
displacement phenomena such as -

The paper has studied the method

vertical displacement _ e
(geodynamic displacement based o '
3D data obtained from the results o
the monitoring network appl
rechnology in time cycles in ti ]
Coordinate System. The report focuses on
analyzing the 3D dynamic displacement model
of the central region applying GNSS
rechnology. The research results can serve the
basic investigation work in localities with the
possibility of subsidence or deformation due to

geological faults or environmental impacts.

Ofn

Keywords: Network adjustment, GNSS,
Kalman  Filter, vertical displacement,
Deformation analysis.

INTRODUCTION

With the application of GNSS technology,
the construction of geodetic networks achieves
high accuracy in a short time and can be
continuously monitored, in a wide range and
can determine the displacement vector in the
dynamic model. GNSS networks are usually
adjusted in geocentric coordinates. For local 3D
analysis, it is more convenient to US€
geocentric coordinates, especially for vertical
displacement analysis. Some international and
domestic publications have mentioned the
application of Kalman filtering to apply in the
field of deformation analysis (Welsch, W- M. and
Hmﬁﬂ(‘keYalC,inkaya, M. and Bayrak, T).The
adjustment  of  the spatial grid an_d
displacement analysis in the topocentric

pl.acemEnt usi
rdinate system

» Le Ngoc Gian
ree
t,Dong Ngac,Hanoi,Vietnam

-a":'fi_:‘—lri‘en!r 4 i
1A Phu Dien Street, Phu Dien, Ha Noi, Viet Nam

coordinate
assessment  of
vt

._?placement, thus determining the subsidence
of the land area under study.

t‘ze‘t!}eory of recurrent adjustment in the
analysis
displacement of GNSS monitoring network
with 4 measurement
processing calculation is performed in the
topocentric coordinate system.

467

ng GNSS technology

1
8, Ngo Thi Men Thuongz

System better

vertical

allows for a
horizontal or

The paper presents a solution to develop

of dynamic model deformation

cycles. The data

METHODOLOGY

GNSS free adjustment
coordinate system

in the topocentric

Free adjustment of GNSS spatial grid in
geocentric coordinate system (X,Y,Z) we will
have a system of equations of corrections for n
baselines has the following form:

Vil = AnxkAkal + Lyxa (1)
where: A - the coefficient matrix

AXyy is the vector of unknowns, Vny 1S
vector of corrected numbers; k = 3xt.

The weight matrix P has the form:

PRl 0

B W @)
B=lo o = U
o O 0 n
Pi = ;1

Q, - the cofactor matrix of the &
1

asurements

For each point of the GNSS grid y

the following formula:

baseline me



d is the number of'd
d=3). efectg of ¢

€
Tg
The covariance matriy ; "y

Kz = Sg Qz

I [
1 k2

one hae L ~
)[1S 11as Lh’e ffD'ﬂDﬂff

1) is determined from the v
of the periodic observation [
‘the Taylor formula of i
e vector of coordinates o
ation xj(k+1) according
the dynamic model 0" _
inates, velocity and accel”
he following formula:

: of @
(t(k)) e _a_E (t("+1) -t )

(o

52 (k)2
°f ((t(k+1) i )
]

=X

x(k+1),f(t(k)) f
(k+1)
aH]- .

—
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k . . .
XY N z,®: coordinate of point j at

period k;

Ve VooV m ¢ velocities of X, Y, Z
X ! L
coordinates of point J;

ag @y 4§ accelerations of X, Y, Z

coordinates of point j;

ke1, 2, ...,i/(i measurement period
1 number);
§=12 o k(K number of points);

From formula (19), the following system

of equations can be established:
K K k+1
xj( %, 5 xj( 2 i+ (tk+1—tk)v§j+ )
+0,5(trr1-tr)? a,EIk.+ 5
: (20)

K+l k k
Uf(rj = V:gj) h (tk+1—tk)a§,'j)

i ((=5h)  (¢3)
: B SRy,

I Expression (20) can be rewritten in
matrix form as follows:

! xj(k+1)
(k+1)
‘ %
1 (k+1)
a

()
Eollte SEAR 0.5t 4 ti)EE J(k)
0 E E Vy; (21)

0 0 E (k)

Oy

The Symbol:

4 { PG
|
i

]

k (k41

j(+1) = vx]' ) (22)
a;(:;+1)

Y xj (23)

(k+1) k+1) (K
R Rl (24)

e R G(k+1)?(k+1) (25)

y(1k+1)
= (k+1)
Yosny = | V2 (26)
(k+1)
n
/[ (O\
[ 71 \
fa =17 | (27)
f\zr‘; ‘ 2 (28)
]
J "i
Yir+ (29)
7 (30)
\" o ]
‘\er:K /
(k+1)
Gl
Gs) = (31)
G;k+1)

According to Kalman filter theory, if
using the calculation results at period tk, then
according to formula (21), predict the current
state vector by wusing the state vector
information of the known motion parameters
at period tk and the measurements at period
te. collected at period ty,.. The matrix
equation system of the motion model used to
predict the motion parameters by Kalman filter
technique in the grid can be represented as

follows:
Yaern) = G gty Vie + Skire (32)
Cosn) = Gk+1,kCYGIZ+1,k (33)

Y&) s the vector of calculated values
adjusted at time t.
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s 2 Table 2.Displacement parameters dU,dN dE (mm)
VU, VN, VE,AU, an,ag between 2015 ,2016 2017

2
: - !1,_,1[3l4l5l6_l
6 4 | (mm) (s
: dN |
Figure 2. GNSS network Diagram (i) f
In the first step, applying the 3D free dE '
network adjustment to process the Baselines,  (mm) |
the network coordinates were obtained in the Vu g6 | o
2015 2016,2017 and 2018 cycles. Conduct —(mb‘—a—’" A
assessment of the change of milestones between i o | e
2 cycles 1 (j- number of cycle):Ty=dU/mqy, B e
Tn=dN/my , Tg=dE/mg .Check the Criteria (t- 1 0 : ¢
B e e Wt P Gon) T e T
qu, | Tnl<qu,| Te < ge. If the test value is greater LR SO 53 i1l |
then the critical value, then there are significant an _-lr'u pEE AR
deformations in the points. v _0__‘%‘, "
4 1 dag {
Calculation results and checking i e Mf_

statistical criteria can be seen that all 6 points

have shifted. Table 3 Displace
VU, VN, VE:2U) anpag SETwei:
Calculation of displacement parameters

A
In each observation period, calculations du
: . 12 =193
and adjustments are made according to (mm)
formulas (1)-(18). These results are used to dN & &
; L (mm)
calculate the displacement parameters 1-2,1-2 e
3,1-2-3-4 according to formulas (25) to (44). The o o o o o o o
calculation results are presented in the vu
% 22 -144 70 o 23 71
following tables (Round to mm). | (mfyeear)
VN
Table 1: Displacement parameters dU,dN dE (mm), st $ 2 8 @ ° o
Vi, VN, VE:AU, ansag between 2015 and 2016 :’E ) & e £ % 2 a
mm/yeear;
! E 3 4 E 4 o 2 41 -53 68 0 20 1
dU x 58 o 5 (mm/yeear )
(mm) 51 n 15 39 4 o
i o o o 0 o o (mmyeesr) x 5 : : 3 i
(M) 2B (0] (o} o o (o] o
((ifun) A . o 5 o 0 (mm//yeear )
vy DISCUSION
. 61 B | S e e
. From the results of calculating the
|_.(ng) % g 9 2 £ £ displacement parameters (from table 1 to table
Y% o o R 0 . A 3), we can clearly see that there is only a
%MM) displacement of the U coordinate, that is, only
o R e T a6 | -2 3 rise and fall. The horizontal displacement is
il ' e stable. Point 1 through 4 cycles tends to rise,
V4 s e points 2, 3, 5, 6 sink. Only point 4 to cycle 4 is
= A 0 stable. This result shows the superiority of the
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