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Phép loc Kalman dwoc trng dung trong quan trdc chuyén dich bién dang
cong trinh chii yéu & phwong dién loc s6 liéu do va dw bdo bién dang. Phurong
phap tinh cta loc Kalman gom hai buéc la xdy dung mé hinh va cap nhdt tri
do. Do dd, phwong phdp nay cho phép wérc luong toi wu gid tri ctia madu tai
thoi diém xét, dong thoi dw bdo gid tri chuyén dich ciia mét sé chu ky tiép
theo. Khi dp dung phwong phdp loc Kalman, xdc dinh trang thdi ban dau hay
tri khéi dau cua phép loc la rdt quan trong do gid tri nay c6 dnh hwéng toi
két qud ctia phép loc. Chon gid tri khéi ddu nhw thé nao cho hop ly la vdn dé
dwoc nghién civu va gidi quyét trong ndi dung ctia bai bdo.Ttr két qud thuc
nghiém cho thdy, gid tri khoi ddu ctia phép loc Kalman chi dnh huéng toi do
chinh xdc ctia mgt s6 chu ky ddu ctia mé hinh, tir chu ky thit 6 tré di gid tri
tinh ttr mé hinh va gid tri dw bdo cé sw 6n dinh twong doi tot, sai s cua gid
tri dw bdo chi la 1.5% gid tri chuyén dich thuc t€ ciia diém quan trdc.

© 2017 Trwong Dai hoc M6 - Pia chat. TAt ca cic quyén dwoc bao dam.

1. M¢& dau

khong con gap kho khan vé tinh toan. Loc Kalman
dwoc ng dung cha yéu trong dw bao lan cong

Loc Kalman {rng dung trong xtr Iy s6 liéu quan
trac bién dang cong trinh da dat dwoc mot s két
qua nhat dinh trén thé gi¢i, d6 1aloc so liéu do GPS,
s0 liéu quét ba chiéu, du bao bién dang cong trinh.
(Pham Quoc Khanh and Pham Trung Dung, 2016).
Loc Kalman xay dung mé hinh va cap nhatlién tuc
tri do trén co s& tp miu dé woc lwong t8i wu tirc
thoi gia tri cia mAu tai thoi diém xét, dong thoi dw
bao cho mot s6 chu ky ti€p theo & twong lai. Trong
Iinh vuec tric dia cong trinh, nghién ctru rng dung
loc Kalman hién nay phat trién rit manh Kkhi

*Tac gia lién hé
E-mail: phamquockhanh@humg.edu.vn

trinh (Pham Quoc Khanh va nnk, 2015; Hua
Yuanyuan, 2008) dw bao chuyén dich ngang cong
trinh (Pham Quoc Khanh, Pham Trung Dung,
2016; Wang Qi, 2009); xtr Iy s liéu GPS do lién tuc
(Cankut, Muhammed, 2000). Khi xtr Iy s liéu bang
loc Kalman trong dw bao chuyén dich bién dang
cong trinh, gia tri kh&i dau ctia phép loc dwoc chon
dwa vao két qua xir Iy s6 liu quan tric ctia chu ky
trwdrc do. Tuy nhién trén thuec t€, rat kho dé xac
dinh gia tri khoi dau theo ly thuyét néu chi c6 day
tri do clia mot diém quan trac ndo dé. Luc do, xac
dinh gia tri khoi dau cta loc Kalman mot cach hop
Iy sao cho két qua loc so liéu phu hop voi xu thé
chuyén dich ctia cong trinh & thuc té 1a rat
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quan trong va c6 y nghia. Vi thé, bai bao tip trung
nghién ctru van dé nay.

2. M6 hinh toan hoc va phwong trinh co’ ban
cta loc Kalman

Mo hinh toan cua loc Kalman gobm phwong
trinh trang thai (hoac goi la phwong trinh dong
thai) va phwong trinh tri do, dang roi rac cia n6 la
(Kalman,1960):

Xy =X+ T Wy (k=12---n) (1)

Lk:Hka —I—Vk (k:1,2,"',n) (2)
Trong dé:
X, 1avector trang thai (n chiéu) cia hé thng

& thoi diém t, ;

L, 1a vector tri do (m chiéu) ctia hé thdng &
thoi diém 1, ;

&/, 1 ma trin (Mmxn) chuyén dich trang
thai hé thong trong thoi gian tir t,_, dén i, ;

W, ; 12 nhiéu (c6 nghia 12 sai s8) dong thai &
thoi diém t,_,;

I, , lamatran (nxr) nhiéu dong thai;

H, lamatran (mxn) trido & thoi diém t,;

V, 1a nhiéu (m chiéu) cta tri do & thoi diém
t;

n 12 s8 lwong miu ban dau xay dung mo hinh.
Néu Wva Vthéa man dac tinh thong ké:

EW,)=0
COV(\Nkaj) = Q5
Cov(V,,V;) = R (4)

Cov(W,,V;)=0
Trong do: Q, vaR, 1a ma trAn phuwong sai

nhiéu dong thai va nhiéu tri do;Jy; 1a ham s

5 _JLk=]
Y10,k # j

thi phwong trinh suy rong dan loc Kalman
dworc tinh nhw sau:
(1) Dw bao trang thai

Xk/k—l :@/k—lkk—l (5)

Kronecker:

(2) Dwbao ma tran hiép phwong sai trang thai
T T
Pk = baPad v + QL (6)
(3) Tinh ma tran hiéu ich
Ky = RaHe (H P HE + RO (7)
(4) U6c lwong trang thai
Xy = Xk + K (b = Hi Xy 0) (8)
(5) U6c lwong ma tran hiép phwong sai trang
thai
P = -KH)P 9)
(6) biéu kién trang thai ban dau
Xo=E(Xo) =5, Ry =Var(X,) (10)
Tir phwong trinh dw bao trang thai (5), khi da
biét trang thai X, , ctia hé théng dong thai & thoi
diémt, ,, dat W, ; =0 thi c6 thé c6 dwoc tri dw
béo trang thai X, ,,_, & thori didmt, . Tir (7), sau khi
tién hanh do hé thdng L, & thoi diémt,, thi co thé
dung tri do nay tién hanh hiéu chinh tri dw bao dé
dwoc woc lwong trang thai (tri loc) X i cua hé

thong & thoi diémt, . Vi thé, sau khi da cho tri ban

dau X, P,, thi c6 thd dwa vio phuong trinh (5)

dén (10) tién hanh xiy dwng mo hinh chuyén dich
va dw bao cho twong lai

3. Xac dinh gia tri khéi dau caa phép loc
Kalman
3.1. Phwong trinh trang thdi diém do va
phwong trinh tri do

Truwong hop xac dinh dwoc toa do khong gian
clia d8m quan trac, vi du dung GPS d& quan trac
bién dang cong trinh, vi tri diém quan trac khi d6
12 toa dd khong gian 3 chiéu (X,Y,Z) hoac toa
do trac dia (B,L,H), cling c6 thé 1a toa dd
(X, y, h) trong hé toa do doc lap cta cong trinh.
DE lap phwong trinh trang thai va phwong trinh tri
do cta hé thong bién dang trong hé toa do doc lap
cong trinh, xét vi tri cia mdt diém do

X =(X, y, )T, t6cdo bién dang X = (X, ¥, h)"
va gia t6c bién dang X =(X 7V, h)T 13 tham s6

trang thai, phwong trinh trang thai la (Huang, va
nnk, 2003)
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1

1 ZAE
X E A4E EAthE X 6 ¢
X|=|0 E ALE || X +%Atk2E W, _,
X k 0 0 E X k-1 At E (11)

Trong do6: 0 va E 1a ma tran 0 bac 3 va ma tran
don vi bac 3;

At, =t, —t,_, 1a hiéu hai thoi diém do ké
nhau.

Néu lay két qua toa do 3 chiéu cua diém do
lam tri do thi phwong trinh tri do la

X X
y| =[E 0 o] X | +V, (12)
h), X |

Phuwong trinh (11) va (12) tao thanh m6 hinh
toan co ban mot diém don cta loc Kalman trong
hé thong bién dang.

Viéc chon tham s0 trang thai ctia hé thong
bién dang lién quan dén ddi twong quan trac bién
dang va tan suit do, néu ddi twong quan tric co
tinh dong thai manh, bién doi nhanh, can phai xét
dén toc do va gia tdc bién déi cta diém do; néu déi
twong quan trac cé tinh ddong thai khong manh, xu
thé bién dang chdm ma tan suit do twong doi cao
thi c6 thé chi xét dén tdc do bién doi ctia diém do,
con bién ddi chdc 14t ctia toc dd dwoc xem 1a nhidu
(sai s8) ngiu nhién. Luc d6 phuong trinh trang
thai va phwong trinh tri do cia mot diém don la:

X E ALE] X lAtsz
x| Tlo B |[x] T|? 1
k 1 | ALE | (13)

X

X
y| =[E o]{ } +V, (14)
h X
k

Néu xem hé thong bién dangla hé thong tuyén
tinh ngiu nhién roi rac, mau s6 liéu do twong ddi
day, trong thoi gian ngan thi hoan toan cé thé bo
qua bién d6i vi tri, tlrc xem bién do6i trong choc lat
clia vi tr 1 nhiéu ngiu nhién, ltc d6 c6 thé tién
hanh tinh toan theo phwong trinh cta loc Kalman
voi phwong trinh trang thai va phwong trinh tri do
ctia diém don khi d6 theo phwong trinh (15), (16).

X 1 0 0fx

y| =0 1 0O||ly
h 0 0 1j|h

k k-1

+ W, (15)

1 0 0} x
=0 1 0O||ly| +V, (16)
0 0 1]|lh

oK X

k k

3.2. Xdc dinh tri khéi ddau cua phép loc
Kalman

Tl phwong trinh tinh toan cta loc Kalman co
thé thay, mudn xac dinh trang thai & thoi diém f,
cua hé thong, dau tién cin phai biét trang thai kh&i
dau cta hé thong, tirc can biét tri khoi dau cta hé
théng. Trén thuc té, truedre khi loc, trang thai khoi
dau cua hé théng kho ma xac dinh chinh xac,
thuong chi c6 thé gan dang. Nhung néu tri khoi
dau c6 sailéch twong doi 1om thi c6 thé dan dén két
qualoc c6 sai s6 twong doi lom, bién dang cia diém
1a khong chan thuc. Do d6 xac dinh hop ly tri khoi
dau cta hé théng la rat quan trong. Tri khéi dau
cua loc hé théng gobm: vector trang thai khoi dau
X,, ma tran P, twong &ng voi né va ma tran
phwong sai clia nhiéu do R,. C6 thé phan tich
thanh 2 treong hop nhw sau:

(1) D8i v&i quan trac chuyén dich bién dang
theo chu ky, thuong 14y vector chuyén dich X va
tdc do bién d6i X cta diém do lam tham sd trang
thai, ltc d6 co thé 13y chuyén dich cta diém do sau
binh sai ctia chu ky hai X " 1am tham s vi tri khoi
dau X, ma trn phwong sai twong (g 1a ma tran
phwong sai vi tri khéi dau; 13y tdc dd chuyén dich
trung binh cta hai chu ky At (X" = X')1am
tham s6 tdc do chuyén dich khéi dau X, ma tran
phwong sai ctia nhiéu R, theo 1y thuy&t c6 thé truc
tiép xac dinh tir phwong phap xt 1y so6 liéu do, chi
14y gia tri trén dwong chéo chinh.

(2) Trudng hop chi biét véc to chuyén dich X
va thoi gian quan tréc gitra cac chu ky, phwong sai
ctia nhiéu khong biét. Khi d6 chi c6 thé xac dinh
cac gia tri chwa biét mot cach gan diang. Pay la
trweong hop can xay dwng mo hinh chuyén dich va
dw bao d6i véi mot day so lidu quan tric trén thuc
té ma khong c6 két qua tinh toan binh sai cta cac
chu ky.

Anh hwong cta cac gia tri khoi dau khi dwa
vao phép loc Kalman ddi voi két qua loc, xay dung
md hinh va dw b4o dwoc phan tich cu thé qua phan
thwc nghiém dwoi day.
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4. Anh hwéng ctia gia tri khéi dau doi véi két
qua loc Kalman

Tién hanh tinh toan thwc nghiém doi voi so
liéu quan tric 16 chu ky chuyén dich ngang diém
M8 cua thay dién Yaly, trong khudn kho bai bao
nay chi lam thwc nghiém déi voi chuyén dich theo
truc Y cda

diém quan trac. Bang 1 1a s8 liéu quan trac chuyén
dich thuc té theo s6 liéu do clia diém quan trac M8
(Cong ty tw van xay dung dién I, 2006).

Str dung gia tri ctia 14 chu ky quan trac xay
dung moé hinh chuyén dich, qua tinh todn theo
phép loc Kalman, tinh gia tri du bao cho 2 gia tri
chuky 15 va 16. Dé c6 két luan hop ly vé gia tri

Bdng 1. S liéu quan trdc chuyén dich theo truc Y ctia diém M8.

. | Thoi gian quan tric |Chuyén dich thuc . | Thoi gian quan trac |Chuyén dich thuc
Chu ky g(thé?lg) s (mm) | Chuky g(thé?lg) 6 (mm)
1 4 0.00 9 38 -209.2
2 8 -77.6 10 45 -212.3
3 11 -91.5 11 51 -211.1
4 15 -98.1 12 57 -220.0
5 19 -190.9 13 65 -217.7
6 23 -191.4 14 69 -219.7
7 27 -199.8 15 75 -219.1
8 32 -204.2 16 80 -225.7
Bdng 2. So sdnh gid tri dw bdo 3 mé hinh ddu.
Mo hinh 1 M6 hinh 2 Mo hinh 3
Tri khéi dau (van téc
chuyén dich chu ky 2 -77.6 -77.6 -77.6
so v&ichu ky 1)
Gia tri nhiéu ban dau
R, 0.5 0.5 30 30 77.6 77.6
. Thoi gizin Chuyé’n Gia tri theo | Sais0 Gid :U’i :cheo Sai s6 Gia :U‘i ‘theo Sai sd
Chuky| quantrac | dichdo mé hinh (mm)| (mm) mo hinh (mm) mo hinh (mm)
(thang) (mm) (mm) (mm)
1 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 8 -77.6 -99.7 22.1 -77.8 0.2 -77.7 0.0
3 11 -91.5 -101.76 10.2 -92.8 1.3 -92.4 0.9
4 15 -98.1 -97.3 -0.7 -98.8 0.7 -98.8 0.7
5 19 -190.9 -176.8 -14.0 -178.9 -11.9 178.9 -11.9
6 23 -191.4 -199.4 8.0 -199.9 8.5 200.0 8.6
7 27 -199.8 -203.7 3.9 -203.6 3.8 -203.6 3.8
8 32 -204.2 -205.2 1.0 -205.0 0.8 -205.0 0.8
9 38 -209.2 -208.9 -0.2 -208.8 -0.3 -208.8 -0.3
10 45 -212.3 -212.2 0.0 -212.2 -0.0 -212.2 0.0
11 51 -211.1 -212.4 1.3 -212.4 1.3 -212.4 1.3
12 57 -220.0 -218.2 -1.7 -218.2 -1.7 -218.2 -1.7
13 65 -217.7 -219.0 1.3 -219.0 1.3 -219.0 1.3
14 69 -219.7 -220.1 0.4 -220.1 0.4 -220.1 0.4
Gia tri dw bdo| Saisé | Gidtridw | Saisé | Gidtridw | Saisé
(mm) (mm) | bdo (mm) | (mm) | bdo (mm) | (mm)
15 75 -219.1 -221.2 -2.1 -221.2 -2.1 -221.2 -2.1
16 80 -225.7 -222.3 3.4 -222.3 3.4 -222.3 3.4
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Bdng 3. So sdnh gid tri dw bdo 3 mé hinh sau.
M6 hinh 4 M6 hinh 5 M6 hinh 6
T B e s
Gia tri nhiéu ban dau R, 77.6 77.6 77.6 77.6 77.6 77.6
Chu ky Thézi gian,quan Chuyén dich (iié tri mo | Sai s (iié tri mo |Sai s6 G\ié tri mo | Sai s6
trac (thang) do (mm) |hinh (mm)| (mm) |hinh (mm)|(mm) |hinh (mm)|(mm)
1 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 8 -77.6 -77.5 -0.1 -77.6 0.0 -77.6 0.0
3 11 -91.5 -92.2 0.7 -92.3 0.8 -92.4 0.9
4 15 -98.1 -98.8 0.7 -98.8 0.7 -98.8 0.7
5 19 -190.9 -1789 |-119| -1789 |-119| -1789 |-11.9
6 23 -191.4 -200.0 8.6 -200.0 8.6 -200.0 8.6
7 27 -199.8 -203.6 3.8 -203.6 3.8 -203.6 3.8
8 32 -204.2 -205.1 0.9 -205.1 0.9 -205.2 1.0
9 38 -209.2 -208.8 -0.3 -2088 | -0.3 | -2088 | -0.3
10 45 -212.3 -212.2 -0.0 -212.2 | -0.0 | -212.2 0.0
11 51 -2111 -212.4 1.3 -212.4 1.3 -212.4 1.3
12 57 -220.0 -218.2 -1.7 -2182 | -1.7 | -2182 | -1.7
13 65 -217.7 -219.0 1.3 -219.0 1.3 -219.0 1.3
14 69 -219.7 -220.1 0.4 -220.1 0.4 -220.1 0.4
Gia tri du | Sai s6 | Gia tri dw |Sai s6 | Gia tri du |Sai sd
bao (mm) | (mm) | bdo (mm) |(mm) | bao (mm) | (mm)
15 75 -219.1 -221.2 -2.1 -221.2 | -21 | -221.2 | -21
16 80 -225.7 -222.3 3.4 -222.3 3.4 -222.3 3.4

khéi dau ctia phép loc, tién hanh xay dung 6 mo
hinh chuyén dich c6 cac gia tri dau vao khac nhau.
Ba mo hinh dau, lay gia tri khéi dau 1a tdc do
chuyén dich ctia diém quan trac chu ky 2 so voi
chu ky 1; ma tran phwong sai ctia nhiéu thay doi.
Bamoé hinh sau, gia tri kh&i dau cta vén téc chuyén
dich thay d8i nhung ma tran phuwong sai clia nhiéu
giong nhau. B tri mo6 hinh 3 va md hinh 6 giong
nhau dé so sanh. Két qua tinh toan cu thé nhw
Bang 2 va Bang 3.

- Tir Bang 2 c6 thé thay mod hinh chuyén dich
xay dung bang loc Kalman c6 do chinh x4c ting1én
khi gia tri phwong sai ctia nhiéu ting d4n dén van
toc chuyén dich. Trong 3 md hinh trén, sai s6 md
hinh lén nhat 1a cia mo hinh 1 véi 22.1mm, sai s
nho nhit cia 3 md hinh 1a 0.0mm.

- Theo két qua tinh toan thuc té€ ciia ba mo
hinh dau, thdy rang néu 14y gia tri khoi dau 1a toc
dd chuyén dich ctia diém quan trac (chuky 2 so voi
chu ky 1) va phwong sai bang dang voi gia tri do
(dau dwong) thi mo hinh dat két qua tot nhat. Trén
co so do, tién hanh thwce nghiém véi ba moé hinh
tiép theo stir dung phwong sai cho két qua tét nhat
trong thuc nghiém 1 nhung c6 téc dd chuyén dich
khac nhau, két qua cu thé dwoc trinh bay trong
Bang 3.

- Khi ting toc d6 chuyén dich cua tri ban dau
dén tdc do chuyén dich thuc té cta chu ky 2 voi
chu ky 1, trong diéu kién cing phwong sai cta
nhiéu thi sai s6 mo6 hinh thay dai khdong dang ké.
Sai s0 16m nhat cia ca 3 mo hinh 1a-11.9mm, sai s
nho nhat1a 0.0mm.
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- Vi ca 6 mo hinh trén, gia tri tinh tir mo hinh
loc Kalman 6n dinh tir chu ky thix 6 tro di;

Nhin vao gia tri dw bao ctia 2 chu ky 15 va 16,
gia tri nay chi bang 1.5% gia tri chuyén dich caa
diém quan trac. Trong khi Viét Nam chwa c6 quy
dinh cu thé, quy dinh cia Trung Quoc (Hua
Yuanyuan, 2008), giad tri chuyén dich dw bao
khong vurot qua 10% gia tri chuyén dich thuec té thi
mo hinh dat yéu cu vé do chinh xac.

- Cac gia tri dw bao ctia chu ky 15 va 16 la nhw
nhau v&i ca 6 treong hop.

5. Két ludn

- Gia tri khoi dau cia loc Kalman anh huéng
toi két qua loc clia mot s6 gia tri ban dau. Trong
xdy dwng mo hinh chuyén dich bién dang thuc
nghiém, khi khong c6 ma tran phwong sai cta
nhiéu, nén 4y gia tri kh&i dau cha phép loc va
phuong sai clia nhiéu (véi gia tri dwong) bing téc
do chuyén dich ctia chu ky 2 so voi chu ky 1.

- Khi xay dung mo hinh loc Kalman ma khong
biét gia tri khéi dau, md hinh van c6 do tin cay va
do 6n dinh tot voi digu kién tip mau cb tir 7 chu
ky trér 1én.

- Khi dw bdo chuyén dich, chi nén dw bao cho
mot so it chu ky tinh tir chu ky dang xét.
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ABSTRACT

Influence of initial state vector and covariance matrix of Kalman
filter on predicting horizontal movement in the deformation
monitoring

Khanh Quoc Pham
Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam.

Kalman filter is mainly used for processing data and predicting horizontal movements in the
deformation monitoring of engineered structures. The technique consists of two main steps:
estimation of the current state variables and updating observation of next measurement. It allows
one to have the optimal estimation of the current movement as well as the estimation of movements
in the next cycles. The determination of initial state vector and covariance matrix is crucial procedure
of this algorithm as it impacts the final results of the filter. This study focuses on the determination of
initial state vector and covariance matrix, and the results show that the initial state vector and
covariance matrix only influence on the accuracy of prediction in the several initial cycles, but after
the cycle of six the error of predicted movements is just under 10% of their values.
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