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Phan tich chuyén dich thiang dimg ing dung cong nghé GNSS véi binh sai luéi khong gian
va phép loc Kalman
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Tom tit

Hién nay do anh huong cua bién doi khi hdu va tac dong ciia nwée bién ddang, & mot sé khu viee ciia nweée ta
6 hién twong chuyén dich bién dang nhu sut, lin. Trong bai bdo dd nghién citu phwong phdp phan tich sw bién dang
chuyén dich dimg (chuyén dich dia déng hoc theo phuong thang dirng, bién dang lin c¢éng trinh...), trén co s6 sir
dung dit liéu 3D thu dwoc tir két qua do ludi quan trdc ing dung cong nghé GNSS trong cac chu ky va ly thuyét loc
Kalman. Pa dwa ra co sé Iy thuyét va thudt todn tinh todn d6i véi bai todn phén tich va dw bdo bién dang irng dung
cong nghé GNSS. Két qua nghién citu ¢6 thé phuc vu cong tdc diéu tra co ban & cdc dia phwong cé khd ndang sut lin
hodc bién dang do dirt gdy dia chat hay do tic dong ciia méi truong.
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Ngay nhan bai: 25/03/2024 Ngay stra lai: 29/03/2024 Ngay chip nhan ding: 30/03/2024  Ngay xuét ban: 30/03/2024

Vertical displacement analysis applies GNSS technology with spatial network adjustment

and Kalman filtering
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Abstract

Currently, due to the effects of climate change and the impact of rising sea levels, in some areas of our country
there is a phenomenon of displacement and deformation. In the article, the method of analyzing vertical displacement
deformation (vertical geodynamic displacement, construction settlement deformation...) has been studied, based on
the use of 3D data obtained from the results. Observation grid measurement applies GNSS technology in cycles and
Kalman filter theory. The theoretical basis and calculation algorithm for the problem of analyzing and predicting
deformation using GNSS technology has been presented. Research results can serve basic investigations in localities
with the possibility of subsidence or deformation due to geological faults or environmental impacts.
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1. Mé dau

Vi sy phat trlen cua cong ngh¢ GNSS da tao ra budce tién 16n trong linh vye trac dia- ban d6
noi chung va quan trac bién dang noi riéng. Trong do dac truyén thong, viéc xac dinh bién dang
chuyén dich ltin thudng phai thuc hién bang viéc xay dung ludi thuy chuan va do theo chu ky. Tuy
nhién cong viéc nay doi hoi thoi gian do dai va ton nhiéu cong strc. Ung dung cong nghé GNSS cho
phep xay dung ludi voi do chinh xdac cao voi thoi gian ngan, trong pham vi rong va cho phép xac
dinh véc to chuyen dich véc to chuyén dich dtng cia vo trai dat. Cong ngh¢ GNSS c¢6 uu viét hon
cong nghé truyén thong 1a khong do1 hoi sy thong huong gitra cac diém, do dac duoc tién hanh trong
moi diéu kién thoi tiét. Mot s6 cong bd qudc té da tap trung xay dung cac mo hinh ing dung phép
loc Kalman dé tmg dung trong linh vuc phan tich bién dang nhu [13], phan tich chuyén dich phuc
vu diéu tra sat 16 [14] ...

O Viét Nam, cong nghé GNSS di duoc img dung trong mot s6 nghién cru vé chuyén dich cua
d6i dut giy song Da va déi dit gly Son La - Bim Son [7] ciia Vién Dia chét, nghién ciru chuyén
dich cua vo Trai dat trén khu vuc dut giy Lai Chau - Dién Bién [8].

Trong bai bdo s€ trinh bay co so 1y thuyet va tinh toan thue nghiém tng dung 1y thuyét binh
sai luéi GNSS két hop voi phép loc Kalman dé giai quyet bai toan phan tich, danh gia su chuyén
dich dtmg, 1ay vi du minh hoa trén ving thyc nghiém & mién Trung (lu6i Thach Ban-Cat Tién).
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2. Phwong phap nghién ctru
2.1. Sir dung d¢ cao trdc dia trong phén tich chuyén dich d¢ cao
M&i lién hé gitra d0 cao tric dia H va d6 cao thuy chuan h duoc biéu dién bﬁng cong thurc sau:
H=h+( (1)
O day ¢ - Dj thudng do cao.
Nhu vay c6 thé théy su chuyén dich bién dang tai 2 thoi diém tk va tk+1cua do cao thuy chuin
h sé la:
Ah = AH (2)
Nhu vay chung ta cé thé sir dung do cao tric dja, dugc xac dinh tir do dac va binh sai luéi
GNSS dé phan tich chuyén dich dtng theo cac chu ky do.
2.2. Xdc dinh d¢ cao tric dia tiv két qua binh sai lwéi tw do véi dn sé la toa dé B,L,H
Binh sai ty do ludi khong gian GNSS  trong hé toa d6 dia tam (X,Y,Z) ta s€ c6 h¢ phuong
trinh céc s6 hiéu chinh tuong Umg véi n tri do (AX;, AYj;, AZ;j) nhu sau:
V=AA+1L (3)
V&i A 1a ma tran hé sb voi cac hé s6 +1 va -1 ung voi cac thanh phén toa d§ tuong Ung trong
tri do (AXj;, AYii, AZ;j), Ax 1a vecto 4n sd, V va L twong tmg 1a vecto s6 hiéu chinh va sb hang tu
do trong hé phuong trinh. Ma tran trong s P ¢6 dang:

B, 0 0 0
0O P, 0 O
0o 0 - 0 (4)
0 0 0 P
Py Py, Py
p; = <P21 Py, st) =Q;* (5)
P31 P3p Ps3

Vi Qi 1a ma tran hi€p phuong sai cua cac tri do (AXi, AYjj, AZ;).
Doi v6i moi diém ludi GNSS, chiing ta ¢ cong thirc sau:

dB; (M; + H;)sinB;cosL; (N; + H;)cosB;sinL; — cosBjcos L; dX;
(dLi> == | (M; + H;)sinB;sinL; (N; + H;)cosBjcosL; — cosB;sin L; <in> (6)
dH; (M; + H;)cosB; 0 — sinB; dz;
Nhu vay, néu an s6 1a B,L,H thi hé phuong trinh cac s6 hi¢u chinh (1) c6 thé viét lai nhu sau:
V=A,4z+L (7)
O day:
Matran A, =I1A
15
7= = (®)
I,
(M; + H;)sinB;cosL; (N; + H;)cosB;sinL; — cosB;cos L;
IT; = | (M; + H;)sinB;sinL; (N; + H;)cosBjcosL; — cosB;sin L; (9)
(M; + H;)cosB; 0 — sinB;
Ttr h¢ phuong trinh sb hiéu chinh, ta 1ap duoc hé phuong trinh chuan co dang:
R,Az+ b, =0 (10)
R,=ALPA,b,=ALPL (11)
O day ma tran R, suy bién. Dé tim nghiém ctia hé (9) vecto an sé dugc tinh theo cong thirc:
Az = — R} b, (12)
Trong d6, R; 14 ma trdn nghich dao téng quat:
R; = (R, + CCH™ 1 —TTT (13)
Voi:
TT = B(CTG)™?! (14)
GT=(G; G, .. Gp) (15)
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Gi la ma tran Hermet, khi céc tri do 1a baseline (AX, AY, AZ) , ma tran G c6 dang:

1 0 0
Gi = (0 1 O) (16)
0 0 1
C"=(G; - G 0 .. 0) (17)
Trong trudng hop n =k (tirc C = G), ma tran nghich dao tong quat dugc tinh theo cong thic:
= (R, + GGt —TTT (18)
TT = G(GTG)™?! (19)

Sai s6 trung phuong tron s6 don vi dugc tinh nhu sau:
VTPV
U= |—— (20)
3n—3m+d
-3nla sé,tr} do cua ludi
- 3m la s6 an so

- d 1a s6 khuyét cta ludi (trudng hop dang xét o d = 3)
2.3. M6 hinh dong va phép loc Kalman
Trién khai cong thirc Taylor ctia ham s6 Hj<*% theo bién s0 thoi gian t, mo hinh ddng theo thoi
gian véi do cao trac dia, van toc va gia toc dugc biéu dién bang cong thire sau [10]:
HffV=H® +(typr-ti) vy, +1/2 (t1-te)’ an; (21)
H;**D,): P cao trac dia diém j ¢ thoi diem chu ky (ti1)
H;®: D9 cao tric dia diém j & thoi diém chu ky (tx)
Uy van toc chuyén dich cua H cua diém j
ay;: gia toc chuyén dich cua H cia diém j
k=1,2,...,1i(i: sb tht tu chu ky do)
j=1,2,...,n (n s6 th ty ciia diém trong ludi)
Nhu vay tu phuong trinh (21) ¢ thé thanh 1ap biéu thirc sau:

k+1 k
HID = B 4 (tga-ti) + 0,5(tga-ti)?

k+1 k k
oD = o 4 (1,30 (22)
a+) — (k)
. o j Hj
Biéu thuc (22) c6 the viét lai dudi dang ma tran nhu sau:
(k+1) (k)
‘ L (et 05Ctknto? \ [ )
(k+1) B ’ B (%)
H; = < 0 1 1 > Vh; (23)
(k+1) 0 0 1 (k)
QH; Hj
Ky hiéu:
1 (tes1-te)  0,5(tks1-tr)?
7}-("“) 1 1 (24)
0 1
H_(k+1)
(k+1) (k+1)
Vh (25)
20D
A,
H®
(k) (k)
VH; (26)
()
Ay,
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yj(k+1) _ ,I}(k+1)yj(k) (27)

Phép loc Kalman duogc st dung dé du doan vecto trang thai hién tai béng cach sur dung thong
tin vecto trang thai cia cac thong sb chuyén dong da biét & chu ky tk va cac phép do & chu ky ti.
dugc thu thap & ky tk.1.Vecto trang thai cia tham ) chuyén dong bao gé)m céc tham sd vi tri, van
tdc chuyén dong va gia toc. Hé phuong trinh dang ma tran cia mé hinh chuyén dong duoc sir dung
dé du bao cac tham s chuyén dong bang ky thuat loc Kalman trong ludi co thé duge biéu dién
nhu sau:

Yacrn) = T Ve (28)
k+1

e )\

) (k+1)

Yoerny = | 72 (29)
k+1

e

4\ g

i (k)
Yoo = | 72

O day:

-
V)

( T1(k+1) \ (31)
T+ =
\ pke /

YTy - vec to gid tri du bao cta toa dg, van tde va gia tdc
YTy -vec to trang thai tai thoi diém t.
Ti+1,- ma tran chuyén dich.
Phuong trinh (28) 1a phuong trinh du bao trong phép loc Kalman
Phuong trinh c¢6 yéu t6 nhiéu s& nhu sau:
Y1) = T Y + Skr1k (32)
Cyae+1) = Trark CyTicr 1k + Stk Cs Skaak (33)
O day ma tran Cy 1a ma tran hiép phuong sai clia vecto trang thai Y. da duoc loc ¢ thoi diém
tk.
Ma tran Cs 13 ma tran hiép phuong sai ctia vecto tnhiéu hé thong o thoi diém tx.
Tai thoi diém ti chung ta thuc hién do dac ludi GNSS, c6 thé thanh lap hé phuong trinh do
(phuong trinh loc) nhu sau:

Vige1 = A1 Vi = s (34)
Hay la:
q het1 + Viker = Aga Y (35)
Tur céc bicu thuc (30) va (34) chung ta c6 cong thuc sau:
V=A1Yis1+1L (36)
Ky hiéu:
— [ Vk+1
V= (Vl,k+1) (37)
A1 = (Af+1)
— — (Yr+1 (38)
L=-= (lk+1)

Ma tran hi¢p phuong sai:
Cysr O )

Ciorn = ( 0 Cri+1 (39)
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Ma tran Ay, trong biéu thire (5.2.34) trong truong hop ldy gia tri do bang chinh gia tri binh
sai ¢ chuky k+1s&la: AL, =(100)

Ma tran Ewxk) - Ma tran don vi, k sb 4n s6 toa do.
3. Két qua nghién ctru va thio ludn

3.1. Két qud nghién civu

Pé tinh toan , thir nghiém chung t6i st dung ludi do GNSS tai khu vuc mién Trung (luéi
Thach Ban-Cat Tién) gdm 9 diém ( Hinh 1).

6
Hinh 1. So d6 luéi GNSS

Thuc hién do 1dp 4 chu ky 2015, 2016, 2017, 2018 v6i gian cach thoi gian gitra cac chu ky 1a
mot ném.’ ) i )
. Két qud binh sai cho gia tri d cao trac dia tai cac diém ludi va sai sO trung phuong tuong

g ctia cac chu ky dugce trinh bay ¢ cac bang tir 1 dén 4.

Bdng 1. Gid tri d§ cao trdc dia va sai s6 trung phwong ciia cde diém trong chu ky 1(2015)

Piém1 | Piém2 | Piém 3 Pié¢m 4 Piém5 | Piém6 | Piém7 | Diém § Piém 9
H
(m) 233,660 422,073 46,164 462,312 | 478,985 | 433,071 137,976 1530,043 132,895
i 0,002 0,002 0,002 0,002 0,002 0,002 0,002 0,002
(m) 0,0015
Bdng 2. Gid tri 9 cao trdc dia va sai s6 trung phwong ciia cdc diém trong chu ky 2(2016)
Piém1 | Piém2 | Piém 3 Piém 4 | Piém 5 Piém 6 | Piém 7 | Piém 8 Diém 9
(Ifrll) 233,712 | 422,062 46,150 | 462,315 478,945 | 433,055 | 137,989 1530,039 132,860
1(11;)4 0,001 0,002 0,002 0,002 0,001 0,002 0,001 0,001 0,001
Bdng 3. Gid tri 9 cao trdc dia va sai s6 trung phwong ciia cdc diém trong chu ky 3(2017)
Piém1 | Piém2 | Piém 3 Piém 4 Piém5 | Pim6 | Piém7 | Piém 8 Diém 9
(II:II) 233,671 | 421,977 46,117 462,256 | 478,938 | 433,026 | 137,956 1530,029 132,838
I(m)l 0,001 0,001 0,002 0,001 0,001 0,001 0,001 0,001 0,001
Bang 4. Gid tri do cao trdc dia vd sai s6 trung phirong ciia cdc diém trong chu ky 4(2018)
Piém 1 | Piém 2 Piém 3 | Diém 4 Piém5 | Piém6 | Piém7 | Piém 8 Piém 9
(1]1{1) 233,673 422,043 | 46,153 462,287 | 478,951 | 433,044 | 137,968 | 1530,031 132,873
r{n,: 0,002 0,002 0,002 0,002 0,002 0,002 0,002 0,002 0,002
Bdng 5. Cdc tham s6 chuyén dich dg cao giita ndam 2015 - 2016 va cdc tham s6 toc dg chuyén dich
Piém 1 | Piém 2 Piém 3 | Diém 4 Piém5 | Piém6 | Piém7 | Piém 8 Piém 9
(dH}lI) 0,052 -0,012 -0,015 0,003 -0,039 -0,009 0,012 -2,1E-05 -0,035
( Z/H ' 0,062 -0,014 -0,018 0,003 -0,047 -0,035 0,015 -2,5E-05 -0,042
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Bdng 6. Cdc tham sé chuyen dich dj cao giita nam 2015 - 2017 va cdc tham sé toc dj va gia téc theo chu ky 1 nam

Piém 1 Piém 2 Piém 3 Piém 4 Piém 5 | Piém 6 Piém 7 Diém 8 Piém 9

(dHI:I) 0,052 -0,076 -0,047 -0,056 -0,049 -0,009 -0,020 -0,014 -0,057

( TH ) -0,086 -0,091 -0,040 -0,090 0,009 -0,036 -0,055 -0,011 -0,015

(n/a'H 2 -0,092 -0,053 -0,017 -0,062 0,032 -0,022 -0,045 -0,003 0,0131

Bdng 7. Cdc tham sé chuyén dich @3 cao gitta ndm 2015 - 2018 va cdc tham sé toc dd va gia toc theo chu ky 1 nam

Piem 1 Pieém 2 Piem 3 | Piem 4 | Diém 5 Pbiem 6 | Piem 7 Pbiem 8 | Piem 9

(an;I) 0,012 0,076 0,011 -0,025 0,034 -0,024 -0,008 -0,012 -0,022

VH -0,092 0,032 -0,040 0,076 0,024 0,047 0,034 0,004 0,064
(m/nam)

aH 5 -0,072 0,065 | -0,01687 0,09 0,021 0,050 0,044 0,005 0,057
(m/ndm )

3.2. Thao ludn

Qua két qua tinh toan ching toi théy tat ca 9 diém,kiém tra dai luong Tu=dH/mawu déu vuot
gidi han theo tiéu chi thong ké T (t-distribution), do d6 cac diém nay déu co su chuyén dich vé do
cao.

Nhu vay két qua trién khai tinh toan thyc nghiém theo phuong phép dé xuat cho thay giai phap
tmg dung cong nghé GNSS trong van dé do cao va chuyen dich d9 cao trong bai toan quan trac bién
dang d3 dat muc tiéu da dé ra. Giai phap nay cho phép trién khai giai bai toan quan tric blen dang
trong cac pham vi khac nhau ma khong can xay dung mang luoi thiy chuan. Céac tham s chuyen
dich khong chi 1a cac tham sb bién doi d6 cao nhu trong mé hinh tinh, ma con xac dinh cac tham sd
van tdc va gia toc chuyén dich.

Néu voi bai toan st dung do cao tric dia GNSS trong viéc thanh 1ap ban d6 dia hinh con phai
sir Iy van dé mo hinh quaasi-geoid, thi trong bai toan quan tric bién dang chuyén dich thang dimg
khong can quan tim t&i mo hinh nay va cé thé xac dinh do chuyén dich bién dang véi d chinh xéac
cao va thyc hién trong thoi gian ngén.

Céc két qua nghién ctru cho thdy két hop cong nghé GNSS véi cac phuong phap sir 1i s6 liéu
trac dia hién dai nhur binh sai ludi tur do khong gian GNSS va loc Kalman cho phep hinh thanh cong
ngh¢ phan tich quan trac chuyén dich bién dang dimg khong nhat thiét phai vay dung ludi thuy
chuén truyén thong

Tuy nhién dé cé két ludn mot cach day du can phai tién hanh thir nghiém & nhiéu khu vuc trén
lanh thd nudce ta va vai sb chu ky nhiéu hon dé danh gia vé kha nang dy bao mot cach tin cay.

4. Két luan

Trong bai bao da xay dung co s khoa hoc va tinh toan thyc nghiém chirng minh cho giai phap
phan tich, danh gia chuyén dich bién dang dimg str dung cong nghé GNSS trong mé hinh dong trén
co s6 tmg dung 1y thuyét binh sai ludi tu do va k¥ thuat loc Kalman.

Tinh wu viét cia giai phap nay dugc thé hién ¢ sy phat trién ctia cong nghé GNSS vé6i do chinh
xdc cao va thoi gian thi cong nhanh, trong cac didu kién khac nhau. Ngoai ra voi s6 chu ky do 16n
c6 thé c6 kha nang dy bao vé chuyén dich bién dang troi, lan dé c6 cac phwong an ing pho phu hop.

Hién nay, v6i tinh hinh sut, lin ¢ céc tinh dong bang song Ciru Long, chung t6i thay co thé
xdy dung cac tram quan trac, dya trén Gng dung GNSS va 4p dung giai phap da trinh bay ¢ trén dé
danh gia, phan tich va xay dung co sé dit liéu vé chuyé dich bién dang lun cia ving.
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