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To evaluate the displacement of the coordinates of the GNSS network
points according to the measured data of the periods, the theory of free
network adjustment has been widely applied. However, changing the
stable points in the cycles if only considering the coordinate difference
after the adjustment in the normal way will not be accurate because the
result of the free network adjustment of the coordinates is determined
with different origin points. Therefore, it is necessary to convert the
coordinate system of the previous period to the coordinate system of the
following period, applying S - transformation to analyze the deformation.
In addition to the displacement of the points, it is necessary to define the
velocity and acceleration parameters of the displacement. In this paper, a
method of displacement analysis has been studied based on using GNSS
network measurement data in measurement cycles and applying the
theory of free network adjustment and S transformation, Kalman filtering
technique and rationalizing the geodetic network adjustment theory with
the error information of the original data to analyze and predict the
displacement on the experimental area of the Saigon River area. The
analysis concludes the shift based on the student distribution (t -
distribution). In the study, static and dynamic models were considered
and gave consistent calculation results. The theory has been proven to
develop the Kalman filter technique for deformation analysis and
prediction problems by applying GNSS technology. This result allows to
expand the scope of application of GNSS technology for monitoring and
analysis of landslides, subsidence and displacement of the Earth's crust on
a local scale as well as a territorial extent in Vietnam, and can e data from
GNSS CORS observation stations.
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Két hop binh sai lwdi tw do véi phép bién doi S va phép loc
Kalman vé&i binh sai st dung sai s6 so liéu géc trong phéan tich
chuyén dich bién dang
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Phan tich bién dang.

D€ ddnh gid sw chuyén dich ctia toa dj cua cdc diém lwdi GNSS theo sé liéu
do cdc chu ky, ly thuyét binh sai lwéi tw do dd irng dung rdng rdi. Tuy nhién,
viéc thay déi cdc diém 6n dinh trong cdc chu ky néu chi xét hiéu toa dé sau
binh sai theo cdch théng thwdng sé khéng chinh xdc béi vi két qud binh sai
lwéi tw do toa d6 dworc xdc dinh véi cdc diém goc khdc nhau. Do do, cdn phdi
chuyén toa dé ctia chu ky trwdc vé hé toa do chu ky sau va trong bai bdo nay
Yyéu cdu dp dung phép bién doi S (S - transformation) dé€ phan tich. Ngoai sw
dich chuyén ctia toa do ctia cdc diém, cdn xdc dinh thém cdc tham sé vdn téc
va gia toc chuyén dich. Trong bai bdo dd nghién cteu phwong phdp ddnh gid
sw dich chuyén trén co s& st dung sé liéu do lwdi GNSS trong cdc chu ky va
ttng dung ly thuyét binh sai lwdi tw do va phép bién déi S, ky thudt loc Kalman
va két hop ly thuyét binh sai véi sai s6 s6 liéu goc dé xdc dinh ma trdn hiép
phuwong sai cia vecto trang thdi trong qud trinh loc, nham phan tich do dich
chuyén trén viing thwc nghiém khu vwe séng Sai Gon. Cdc phdn tich két ludn
dich chuyén dwa theo phdn bé Student (t - distribution). Trong nghién ciru,
tdc gid dd xem xét 2 mo hinh tinh va déng va cho két qud tinh todn théng
nhdt. Mé hinh déng cho phép xdc dinh vdn téc va gia téc chuyén dich bién
dang. Pa chiing minh ly thuyét nhdm phdt trién ky thudt loc Kalman déi véi
bai todn phan tich bién dang ttng dung céng nghé GNSS.

© 2023 Trwong Pai hoc M6 - Pia chit. TAt ca cac quyén dwogc bao dam.

1. Mé& dau

nhu quan tric dia dong hoc va quan tric chuyén
dich bién dang. Cac mang lwéi GNSS la mang ludi

Ung dung cong nghé GNSS trong linh vuc khéng gian ba chiéu, nén viéc do 13p theo chu ky
Trac dia - Ban do da tao ra budc dot pha rat hiéu cho phép dong thoi xac dinh ca véc to chuyén dich
qua trong cong tac thanh lap ban do dia hinh ciing ngang lan véc to chuyén dich dirg cta vo trai dat

*Tdc gid lién hé

va clia cc cong trinh. Vi cac wu diém co ban cta
cong nghé dinh vi vé tinh nhw khong doi héi sw
thong huéng gitra cac di€ém, do dac dwoc tién hanh

E - mail: hoangngocha@humg.edu_vn trong mOl diéu klén thoi tlét, co thé nhanh Ch(')ng
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phét trién mang luéi dia dong hoc trén pham vi
lanh tho.

Trén thé gi¢i, nhiéu nghién ctru da dé cap vin
dé &ng dung cong nghé GNSS dé nghién ctiru dia
déng hoc (Casula, 2016). Vé (tng dung phép loc
Kalman (1960), Welsch va Heunecke (2001) da
tap trung xay dung cdc mo hinh rng dung phép loc
Kalman dé phan tich bién dang. Kuhlmann (2003)
da tng dung phép loc Kalman v&i nhiéu mau dé
nghién ctru bién dang.

O Viét Nam, cdng nghé dinh vi vé tinh da duorc
trng dung trong mot sé nghién ctru vé chuyén dich
vO trai dat nhw nghién cru chuyén dich cta déi
durt gy song DPa va déi dit gdy Son La - Bim Son
(Vy vannk., 2005), nghién ctiru chuyén dich ctia vo
Trai dat trén khu vuc dit giy Lai Chau - Dién Bién
dwa trén mang lwdi do bang cong nghé dinh vi vé
tinh gobm 5 diém (Ha va nnk., 2004). Hoang Ngoc
Ha va Pham Thanh Thao (2016) da &ng dung ly
thuyét binh sai tw do lwdi GPS trong phéan tich dich
chuyén durt giy song Sai Gon,...

bé danh gia sw chuyén dich cta toa do ciia cac
diém lwdi GNSS theo s liéu do theo cac chu ky, 1y
thuyét binh sai lwéi tw do da rng dung rong ri.
Tuy nhién, viéc thay do6i cac diém on dinh trong
cac chu ky néu chi xét hiéu toa do sau binh sai theo
cach théng thudong sé khéng chinh xac baoi vi két
qua binh sai lwéi tw do toa do dwoc xac dinh voi
cac diém goc khac nhau. Do d6, cin phai chuyén
toa do cta chu ky trwdc vé hé toa do chu ky sau,
trong bai bao nay da ap dung phép bién dai (S-
transformation) dé phan tich. Ngoai sw dich
chuyén toa do cia cac diém, can xac dinh thém cac
tham s6 van toc va gia téc chuyén dich. Bai bao
cling da nghién cru phwong phap danh gia sy dich
chuyén trén co s& st dung s6 liéu do lwdi GNSS
trong cac chu Ky, tng dung ly thuyét binh sai lwéi
tw do va phép bién dai S cting ky thuit loc Kalman
két hop véi ly thuyét binh sai véi sai sd s6 liéu goc
dé xac dinh ma tran hiép phwong sai cia vector
trang thai trong qua trinh loc nham phén tich do
dich chuyén trén vung thwc nghiém lwéi GNSS
gom 8 diém & khu vuc phia nam song Sai Gon.

2. Co sé ly thuyét

2.1. Binh sai Iwo'i tw do GNSS

Gia str trong mang lw¢i GNSS c6 m diém can
xac dinh, hé phwong trinh cac s6 hiéu chinh déi véi
n canh (baseline) cé dang nhw sau:

Vinx1 = Anx3amBX3mx1 + Lnx1 €8]

Trong do6: A - ma tran hé s6 véi cac hé s +1
va -1 twong &ng véi cac thanh phan toa do trong
tri do baseline AXjy, AYjy, AZ;trong hé toa do dia
tam.

Ax - vecto 4n s8; V va L - vecto cac s6 hiéu
chinh va s6 hang tw do. K= 3 xm.

Ma tran trong sd P c6 dang:

P, 0 0 0
[0 p 00
0o 0 0 P
Pyy Pz Pi3
Pi=|Py Py Py3|=0Q;" (3)
P31 P3; P33

Qi - ma tran hiép phwong sai cia cac tri do
baseline thir i.
Hé phwong trinh chuén c6 dang:

RAkal + bkxl =0 (4)
R=ATPA,b= ATPL

O day ma tran R suy bién. D€ tim nghiém cua
hé (4) diéu kién rang budc ddi vdi vecto s6 hiéu
chinh c6 dang sau:

CAx =0 (5)
Khi d6, vector 4n s6 dworc tinh theo cong thirc:
Ax = —R"b (6)
Trong d6, R~1a ma tran nghich ddo téng quat:
R =R+CcCH™ 1 —TTT (7

Trong do:
TT = B(CTB)™! (8)
B"=(B; Bz .. Bn) 9)

Bi1a ma trAn Helmert. Poi v&i lwdi GNSS do
baseline (AX, AY, AZ) , ma tran B c6 dang: BT =(B:

B; ..By).
100
Bi=<0 1 O);i=1,2,...n. (10)
0 0 1
cT = (B, B, 0 .. 00 (11

Trong trwong hop C = B, ma trdn nghich dao
téng quat dwoc tinh theo cong thic :

R* = (R+BBT)™t —TTT (12)
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Trong d6: TT = B(BTB) !
DbEé danh gia chinh xac can tinh sai s6 trung
phuong trong sé don vi:

vTpy
H= i\] n—k+d (13)

Trong d6: n - s6 tri do cua lwdi; k- s6 4n s6; d -
s6 khuyét cta lwéi (d = 3).
Sai s6 trung phwong ham so F;:

1
Mg = | /P—Fi (14)

Trong d6: — = Qg; = fiTR* i
PFl

2.2. Phép bién déi S (S- transformation)

DE phan tich bién dang can thwc hién trén mot
hé toa do. Dt liéu ctia cic mang lui tric dia dwoc
do va binh sai trong chu ky i v&i cac ma trdn Ci. Do
dé, c6 thé thay néu cac diém 6n dinh thay dai thi
sé bién d6i goc toa do. Baitoan datrala cin chuyén
toa do va ma tran hiép phwong sai vé mot hé thong
dinh vi bang phép bién d&i S va khong can tinh
toan binh sai lai. Phép bién déi S dworc thuc hién
bang cac cong thitc sau:

X]' = S] Xk (15)

Trong do: x;, Xy - vecto toa do chu ky thir j va
k; S - ma tran bién déi S; ma tran Qx; vaQy, -ma
tran hiép phuwong sai cia 4n sé vecto toa do cac
diém lwdi & chu kyjva k. Vi Sydwoc xac dinh nhw
sau:

S;= E — B(CTB) (T (17)

2.3. Ung dung phép loc Kalman
Mo hinh dong theo thoi gian véi toa do, van
tOc va gia tdc duoc bi€u dién bang cong thirc sau:
k+1 K
X = X0 4 (e — tvig + 1/
2(tis1 — t)ay;
k+1 K
Y,-( = Yj( )+ (ter — tidvyy +
1
2(tgy1—tr)2ay;
k+1 K
28 = 209 4 (b — vz + 1/
2(txs1 — ti)%ay;
Trong dé: X+, Y;l+D), Z0e+D) - toa do cac diém
j & thoi diém chu ky (tie1); X, Y09, Z;(0 - toa d6 cac

(18)

diém j & thoi diém chu ky (tx); vy, Vyj, V4 - van téc
dich chuyén cta toa dd X, Y, Z cta diém j; ay, ay;,
az: gia toc cia toa do X, Y, Z cia diém j; k=1, 2, ...,
i (i: s6 thi tw chu ky do); j =1, 2,..., n (n: s thi tw
cua diém trong luéi).

Ky thuat loc Kalman dwoc str dung dé dw
doan vecto trang thai hién tai bang cach st dung
thong tin vecto trang thai ctia cac thong s6 chuyén
déng da biét & chu Ky tx va cac phép do & chu ky
t.1. Vecto trang thai cia tham sé chuyén dong bao
gdbm cac bién vi tri, chuyén dong va gia toc. Hé
phwong trinh ciia mé hinh chuyén dong dwoc st
dung d€ du b4o cac tham s6 chuyén dong bang ky
thuét loc Kalman trong cac lwéi 3D c6 thé dwoc
biéu dién dwdi dang ma tran nhu sau:

Yarny = Musn Vi (19)
Trong do:

?T(k*'l) = ( XY Z Vx VyVz axay aZ)(k+1)
) (20)
YT(k): (X Y Z vx vyvz axay az)(k)

Mk+1) =
E (tis1 — t)E 0,5.(tisr — ti)?E
0 E (tey1r — teE
0 0 E
(' day cac ma tran: Eg)- ma tran don vi;
0(3X3)- ma trén 0.
Y71 - vecto gid tri du bao clia toa do, van tdc
va gia toc
YTy -vecto trang thai tai thoi diém ty.
M (k+1)- ma tran dich chuyén.
Phuwong trinh (18) la phwong trinh dw bao
trong phép loc Kalman.
Phuong trinh c6 yéu t8 nhiéu sé& nhw sau:

(21)

Yoks1) =M 1) Vie + Skrax (22)
Cyaer1) = Mis1kCr Miy ke + Sk 1kCs Sk x

(¢’ day ma tran Cyla ma tran hiép phwong sai
clia vecto trang thai Yi da duoc loc & thoi diém ty.

Ma trdn Cs la ma tran hiép phwong sai cta
vecto nhiéu hé théng & thoi diém ty.

Tai thoi diém ti. chung ta thuce hién do dac
lwéi GNSS va co thé thanh 1ap hé phwong trinh do
(phwong trinh loc) nhw sau:

Ye1) = M sy Vi + Skrik (23)
Kyk+1) = (24)

T T
Mic+1,kCy Mi1k + Ska1,kCs Sk+1k
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Két hop cac biéu thirc (18) va (23) ching ta
c6 cong thirc sau:

Vigrt = Aker Ve = s (25)
(O day chiing ta ky hiéu:
(v
v=() e
A _( E
Brer = (o)) (27)
— _ (Yk+1
L= (1k+1) (28)
Ma tran hiép phwong sai:
Kymk+1
Kict1 = ( 0 Kl,k+1> (29)

Ma trdn Ay, trong biéu thirc (27) trong
tredmg hop 14y gia tri do bang chinh gié tri binh
sai & chukyk+1séla: AL,, = (E00).0dayma
tran Eeag la ma trin don vi, k la s6 an s6 toa dd.

2.4. Ung dung Iy thuyét binh sai v&i sai s6 sé
liéu géc va cong thir truy héi trong tinh todn ma
trdn hiép phwong sai ctia vecto trang thadi

Hé phwong trinh (25) v&i cac ma tran
(26)+(29) thuc chitla hé phwong trinh cac s6 hiéu
chinh ctia mé hinh binh sai véi sai s6 s0 liéu goc
theo phwong phép binh sai gian tiép (Markuze va
Hoang, 1991). Hé phwong trinh chuin sé la:

Ris1¥ks1 +b = 0 (30)
Rit1 = Aks1Cit1Arss 31)
b= AE+1CE131Lk+1 (32)

Theo ly thuyét phép loc Kalman ma trin Gain
sé la:

Gk1 = CY(k+1A£+1 (Kl_,k1+1 + (33)
Ak+1CA£+1)_1

Vecto trang thai & thoi diém ty.q sé la:

) Yierr = Yirr + Grgr (s — (34)
At Yie1)
Mit kKhac tir cac biéu thirc (27), (29) va (31)
sé co:
Rys1 = Kl_,k1+1 + Alrl;+1cltkl+1 A1 (34)

Ma tran hiép phwong sai cia vecto trang thai
Y1 séla:

Rpy1 = Kl_,k1+1 + A£+1ka1+1 Ax+1 (36)

Thuc hién theo cong thirc truy hoi (Markuze
va Goolubev, 2010), cé biéu thirc:

(K\?(lkﬂ) + A£+1C17k1+1 Ags1) ™t = (37)
Kyaert = Coger1AkraN ™ Arrr Kygern

0 diy ma tran: N=(C[’kl+1+

Ak+1Cyer1A%+1)-

Két hop cac biéu thirc (33), (36), (37) ching
ta c6 ma tran hiép phwong sai ca vecto trang thai
& thoi diém tyq sé 1a:

Crkr1 = Cyaesr — Gra1 Aker Gy (38)
3. Tinh toan thwc nghiém

3.1. 56 liéu thwec nghiém

Mang lwéi quan trac bao gom 8 diém duworc
thanh lap & khu virc nam song Sai Gon. Lwéi dwoc
do bang cong nghé GNSS. Méc dwoc xay dung theo
quy cach mdc dinh tAm bat budc dit trén nén da
goc.

Trén Hinh 1 12 vi tri m&c quan trac chuyén
dich khu vwc nghién ctru. D€ thuc hién do dac
mang luéi da str dung 8 may thu hai tin s6 dat trén
8 moc, do dong thoi trong khodng thoi gian 23h30
x 4 ngay dém = 94 gio. Thuc hién do lap 3 chu ky
2013,2014, 2015, gian cach thoi gian gitta cac chu
ky [a m&t nam.

St dung phan mém Bernese 5.0 xtr Iy s6 liéu
do dac thu dworc thong tin cia cac Baselines.

Hinh 1. Sor d6 lwéi quan trdc chuyén dich.
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3.2. Két qud tinh todn va thdo ludn
3.2.1. Phdn tich theo mé hinh tinh

U'ng dung phwong phap binh sai tw do lwdi
khong gian (phwong phap st dung goc trong tim)
Xt Iy cac canh, thu dwgc toa do lwdi & cac chu ky
nam 2013,2014 va 2015.

Tién hanh danh gid do dich chuyén cac méc
gitra 2 chu ky. Tinh cac gia tri Tx= dX/may, Ty=
dX/maz , Tz= dZ/mq. Kiém tra cic tiéu chi T (t-
distribution (Markuze va Golubev, 2010) : ITx I<
gx | Tyl<qy, | Tz 1< qz,. ( qx qv,qzla cac gia tri thong
ké duwoc xac dinh theo bang (t-distribution). Két
qua danh gia thiy diém 1 6n dinh. Cac diém con lai
dich chuyén. Thuyc hién phép bién déi S, dwoc
trinh bay & phan 2.2, str dung diém dinh vi la diém
1 sé c6 ma tran S nhw sau:

(r day cac ma tran khdi : Egsg)- ma tran don vi;
O(3x3)- ma tran 0.

Thuc hién phép bién déi S dwoc trinh bay &
phan 2.2 ching ta c6 két qua tinh s6 liéu dich
chuyén cta chu ky 2 va chu ky 3 so v&i chu ky 1
(don vi mm) va thanh phan dwong chéo ciia ma
tran hiép phwong sai & Bang 1 va 2.

Dbanh gid do dich chuyén cic méc giira 2 chu
ky theo tiéu chi ITx I< gx, Tyl<qy, Tz I< gzychingta
thay c6 su dich chuyén cac diém tir 2 dén diém 8.

3.2.2. Phén tich dich chuyén déng theo phép loc
Kalman

Trong m6 hinh dong chung ta khong chi xac
dinh cac tham sé dich chuyén toa d6 cta cac diém
(dX,dY,dZ), ma cé cac tham s6 dich chuyén nhw
van toc va gia t6c dich chuyén. Néu cic tham so6
vwrot qua gia tri theo tiéu chi T (t-distribution ) thi

0 0 0 0 0 0 0 O lagiat ; (t-distrib
“E E 0 0 0 0 0 0 dwoc danh dau (+), nho hon thi danh dau (-).
. _g 8 g g. g 8 8 8 4. Két luan va kién nghi
—-E 0 0 0 E 0 0 O Bai bdo da nghién ctru ly thuyét va tién hanh
—-E 0 0 0 0 E O O tinh toan thyc nghiém trén co s& st dung dir liéu
—-E 0 0 0 0 0 E O GNSS, két hop cac phwong phap xtt ly s6 liéu trac
—E 0 0 0 0 0 0 E dia hién dai va phép loc Kalman, qua d6 xac dinh
va théng nhat dwoc goc cta lwdi quan trac chuyén
Bdng 1. Két qud tinh todn sau phép bién déi S giira ndm 2013 - 2014.
Tén diém dX (mm) mx%(mm) dY (mm) my? (mm) dZ (mm) mzZ(mm)
6 -11 4 13 10 -3 3
7 0 4 42 5 6 3
8 -3 4 25 10 -3 3
1 0 0 0 0 0 0
2 17 4 -21 10 -6 2
3 -6 4 1 10 -4 3
4 1 4 -12 10 -9 3
5 -14 4 16 10 -4 3
Bdng 2. Két qud tinh todn sau phép bién doi S gitra ndm 2013 - 2015.
Tén diém dX (mm) mx? (mm) dY (mm) my? (mm) dZ (mm) mz% (mm)
6 -12 2 -15 20 -3 3
7 5 5 24 20 10 3
8 -7 2 18 20 -3 3
1 0 0 0 0 0 0
2 20 2 -19 20 -10 2
3 -5 2 -10 20 -5 3
4 1 2 -9 20 -16 3
5 -17 5 27 20 -5 3
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dich thong qua phép bién d6i S vi binh sai lwdi tw
do. Sw két hop loc Kalman va binh sai véi sai s6 s
liéu gbc cho phép xac dinh ma tran hiép phwong
sai vecto trang thai trong qua trinh tinh toan.

Qua tinh todn thir nghiém, c6 thé thdy mo
hinh dong theo Kalman cho phép xac dinh vén téc
dich chuyén va gia t6c cia mdi diém lwéi. Cac két
qua nghién ctru nay cé thé rng dung dé nghién
ctru dia dong hoc trong dia chat, nghién ctru bién
dang cong trinh, xac dinh dat gay, sat 16. Trong
twong lai véi viéc phat trién luéi quan trac GNSS,
& pham vi viing va trén toan lanh thé co thé két
hop véi mang lwdi tram CORS (hién c6 65 tram),
mé ra kha nang quan tric va phan tich dich
chuyén lién tuc theo thoi gian mot cach thuén tién
v&i do chinh xac cao.

Pong gop cua tac gia
Hoang Ngoc Ha - xay dung y tuwdng nghién
ctru va thue hién tinh toan trén co sé ly thuyét ap

dung vao thuc tién, sau d6 hoan thién ban thao va
ndi dung kién nghi.
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