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Tom tat:

Tvr nhitng nam 80 cua thé ky trude GS Markuze 1U.1 da dé xudt va nghién citu phat trién Iy thuyét
binh sai truy hoi voi nhitng wu diém vueot tréi trong loc sai 50 thé va binh sai mang hedi trdc dia lom. Trong
bai bdo trinh bay két qud nghién civu phat trién y thuyét binh sai truy hoi trong phdn tich chuyén dich bién
dang mo hinh dong trong cdc chu ky theo thoi gian. Co s6 khoa hoc cua phuong phdp nay la két hop Iy
thuyét binh sai truy hoi va co so ly thuyét ciia phép loc Kalman. Két qua nghién ciru cé thé phuc vu xdy
dung cdc phan mém dé giai quyét cac bai todn Pia dong hoc bang cac phirong phdp Trdic dia.

Tir khoa: Binh sai truy hoi, chuyén dich bién dangg, Ti vic dia, dia dong hoc.
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Abstract:

Since the 80s of the last century, Professor Markuze IU.I proposed and developed the theory of
recurrent adjustment with outstanding advantages in filtering gross errors and adjusting large geodetic
networks. In this paper, the results of research on the development of the theory of recurrent adjustment in
the analysis of dynamic model deformation in cycles over time are presented. The scientific basis of this
method is the combination of the theory of recurrent adjustment and the theoretical basis of Kalman
filtering. The research results can serve to build software to solve Geodynamic problems using Geodetic
methods.
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1. Mé& dau

Tir nhitng ndm 80-90 ciia thé ky truéc GS Markuze YU.I [7] da dé xuét va nghién
ctru phat trién ly thuy@t binh sai truy h6i vi nhiing vu diém vuot tri trong loc sai s6 thd
va binh sai mang lué6i tric dia 16n. Véi viée ung dung cong ngh¢ GNSS, cong tac xay
dung luoi dat do chinh xac cao vdi thoi gian ngan va co thé quan tric lién tuc, trong pham
virong va co thé x4c dinh véc to chuyén dich trong mé hinh dong. Mot sé cong bd qudc
té va trong nudc da dé cap tmg dung phép loc Kalman dé tmg dung trong linh vyc phan
tich bién dang nhu [3], [4],[10],[11] phan tich chuyén dich phuc vu diéu tra sat 16 [5].

Trong bai béo s& trinh bay mdt giai phap phat trién 1y thuyét binh sai truy hdi trong
phéan tich chuyén dich bién dang m6 hinh dong trong cac chu ky theo thoi gian.
2. Co s ly thuyét ciia phwong phap

M6 hinh déng ciia quan tric chuyén dich: Vec to toa do cua quan trac chu ky
(k+1) duoc xac dinh tir vec to toa do cua quan trac chu ky (k). Trién khai cong thirc Taylor
ctia ham s6 Vec to toa do cua quan trac chu ky (Vec to toa do cua quan trac chu ky xj(k+1)
theo bién sb thoi gian t, m6 hinh dong theo thoi gian voi Toa do trac dia, van toc va gia
téc dugc biéu dién bang cong thirc sau:
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f(t(k+1)) — Xj(k+1) f(t(k)) _ xj(k)
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- Yxj oz T %wy
xj(k+1), : Toa d6 tric dia diém j ¢ thoi diém chu ky (tk+1)

x“Toa d6 tréc dja diém j & thoi diém chu ky (tk)
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j=1,2,...,n(n: sdansb toa do)
k=1,2,...,1i(i: sb tha tu chu ky do)
Nhu vay tir phuong trinh (1) ¢6 thé thanh 1ap biéu thuc sau:
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O day:
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(k+1)
n

7
_ y(k)
Y(k) = 2 (9)
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G§k+1)

Gacrny = (10)
G£1k+1)
YT(k+1 - vec to gia tri dw bao cla toa dd, van tdc va gia toc
YTk -vec to trang thai tai thoi diém tk.
Gk+1,- ma tran chuyén dich.

Yacrn) = Tacen Vi + ke (11)
Cyks1) = Girk CyGrpqx (12)
YHFD = GUerD 0 (13)

Theo 1y thuyét loc Kalman néu str dung két qua tinh toan & chu ky tk thi theo cong
thire (13) du doan vecto trang thai hién tai bang cach sir dung thong tin vecto trang thai
clia cac thong sb chuyén dong da biét & chu ky tk va cac phép do & chu ky tk+1. dugc thu
thap ¢ ky tk+1.. Hé phwong trinh dang ma tran ctia mé hinh chuyén dong duoc st dung
dé du bao cac tham s6 chuyén dong bang k¥ thuat loc Kalman trong ludi c6 thé duoc
biéu dién nhu sau:

?(k+1) — G(k+1)?(k) (14)

O day:
Yo 1a vecto cac gia tri da dwgc tinh toan binh sai & thoi diém tk.
YT(k+1 - vec to gia tri du bao clia toa d9, van tdc va gia tdc
YTk -vec to cac gia tri binh sai tai thoi diém tk.

Yar1) = G gesn) Vi (15)
Ma tran hiép phuong sai ctia vecto ¥ 41

Cyaee1) = Grak CrGir1k (16)

O day ma tran CY 13 ma tran hiép phuong sai ctia vecto Yk di duogc binh sai & thoi
diém tk.

Tai thoi diém tk+1 ,ching ta c6 thé sir dung két qua binh sai luoi trac dia & chu ky
quan tric trude d6 (tk) va thanh 1ap hé phuong trinh cac sé hiéu chinh theo ‘phuong phap
s0 binh phuong nho nh véi cac tri do moit. Nhu vay 0 thot diém tk+1 c6 thé coi cac diém
ludi tric dia d3 duge do 4o vdi tri do va trong s6 1a cac két qua binh sai cua ludi ¢ chu ky
nay.Khi d6 ching ta c6 ma tran hé s6 ctia hé phuong trinh cac sb hiéu chinh c6 dang nhur
sau:
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Api1(Exye O 0....0) (17)

Ekxk 1a ma tran don vi ,k sO an so toaj do
rinh cac s6 hi¢u chinh c6 dang :

V= Ak+1?k+1 +L . (18)
Thuc hién tinh todn binh sai theo cong thirc truy hoi
Axi=-Qxi1 ATi QTi Li (19)
Qxi = Qxi—1 — ZuTNi-1 Zi (20)
O day:
=Qxi—1 AIT (21)
Ni= Qi + AiZiT (22)

0 dayila s6 thir tu cua tri do
3. Thuc nghiém tinh toan va thao luan

Pé minh hoa cho ly thuyét, ching ta xem x¢€t viéc tinh toan trén vi du ludi d6 cao
(Hinh 1) voi diém gdc 6n dinh A. D6 cao moc A 1a 100,1 mm. Ludi d6 cao co sé dugc

quan trac véi 4 chu ky 1,2,3.4. Cac chu ky do cac nhau 1 nam. S6 liéu do chénh cao va
s6 tram do v&i cac chu ky dugcthé hién tai bang 1.

STT h1(mm) h2(mm) h3(mm) n n; n3
Chuky 1 -100,2 39,8 -59.9 1 1 1
Chu ky 2 -99.9 40,3 -60,0 1 1 1
Chuky 3 -100,2 39,7 -60,1 1 1 1
Chu ky 4 -99.9 35,2 -65,2 1 1 1
A
IR
2
frl
P2

1

Hinh 1. Ludi do cao co so

Nhu vay ma tran G(2) dé phan tich tir chu ky 1 sang 2 s& 1a
11 05 0 0 O
011 00 O
0 01 0 0 O
0 0 0 1 1 05
0 0 0 0 1 1
0 0 0 0 0 1

G(2) =
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Tu 1y thuy€t binh sai truy héi ma tran hi€p phuong sai cia vecto Yk da dugc binh
sai ¢ thoi diém t1 sé la

0.004444 0 0 0.002222 0 0
10000 O 0 0 0

10000 0 0 0

0.004444 0 0

100000 O

10000

Két qua binh sai cho gia trj Toa d6 tric dia tai cac diém ludi va sai s6 trung phuong
twong ung cua di€m 1 va 2 trong céc chu ky dugc trinh bay & cac bang tur 1 .

Bdng 1. Gid tri Toa dé trdc dia va sai sé trung phwong ciia cdc diém trong chu ky 1-4)

STT Chuky 1 Chuky 2 Chuky 3 Chu ky 4
H1(mm) 0.13 0.17 0.17 0.17
H2(mm) 40.17 40.33 40.33 45.13
mpyi(mm) 0.07 0.24 0.24 5.77
mH2(mm) 0.07 0.24 0.24 577
Bdng 2. Cdc tham s6 chuyén dich Toa dé giita chu kyl,2
Diém 1 Diém 2
Dich chuyén AH 0.03 0.17
v (mm/nam) -1.21 0.20
Bdng 3. Cdc tham s6 chuyén dich Toa dé gitta chu ky 1,2,3
biém 1 Diém 2
Dich chuyén AH (mm) 0.03 0.17
v (mm/nam) -1.21 -0.08
a (mm/nam?2) -1.23 -0.17
Bdng 4. Cdc tham s6 chuyén dich Toa do gitta chu ky 1,2,3,4
Diém 1 Diém 2
Dich chuyén AH (mm) -1.80 0.00
v(mm/nam?2) -2.45 -0.25
a (mm/nam?2) -1.23 -0.17

Kiém tra dai luong TH=dH/md\H déu khong vuot gi61 han theo tiéu chi thong ké T

(t-distribution), do d6 cac diém nay déu khong c6 su chuyeén dich vé Toa do.
 Nhu vay két qua trién khai tinh toan thyc nghiém theo phwong phap dé xuat cho

thay co6 theé ung dung cong thirc truy hoi két hop loc Kalman dé giai quyét bai toan phan
tich bién dang trong moé hinh dong.
4. Két ludn

Trong bai bao da phat trién 1y thuyét binh sai truy hoi do Gido su Markuze IU.I dé
xuét két hop phép loc Kalman nhu mot giai phapi phap phén tich, danh gia chuyén dich
bién dang trong md hinh dong. Két qua nghién ctru c¢6 thé phuc vu xay dung cac phan
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mém dé giai quyét mot sb bai toan Pia dong hoc bang cac phuong phap Tric dia ciing

nhu xu 1y s0 li€u quan trac bién dang cong trinh.
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