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TOM TAT

Bai bao trinh bay phwong phap vmg dung bo loc Kalman phi tuyen mé rong nham két hop
cac thong tin do duwoc tir con quay toc dé goc voi tir ké va gia toc ké dé wéc heong cdc tham so
Rodrig- -Haminton. Tur do, xac dinh ma trgn cosin chi phiwong va tinh toan goc dinh hudng gitia
hé toa do gdn lién thiét bi mang voi h¢ toa do dan dwong. Ngodi ra, két hop phwong tién do bang
bo loc Kalman phi tuyén thi dp chinh xdc ciia cdc tham sé dan dwong dwoc ndng cao vi khdc
phuc dwoc yéu 16 tréi ciia con quay vi co va nhiéu do ciia phwong tién do.

Tir khéa: Con quay téc d6 goc; Gia tc ké; Tir ké.
1. MO PAU

Dé diéu khién mot thiét bi chuyén dong gip mot muc tiéu nao dé, trén tau mang chuyén dong
trén bién nay c6 trang bi thiét bi ddn duong quan tinh c6 dé. Tuy nhién, thiét bi dan dudng quan
tinh c6 dé chi gan v6i mot hé toa do co sé cua no trong khong gian quan tinh (phu thudc vao thoi
diém mo chét cac con quay trong thiét bj dan duong quan tinh co de) Mit khéc, bai toan diéu
khién dugc xiy dyung trén co s6 hé toa 6 co s gan lién véi mot dia dlem nao do6 trén mit dat (vi
du noi dat tram ra da, noi dat tram quan sat quang hoc,...). Vi vdy, can phai xac dinh quan hé
tuong quan gitra h¢ toa d§ co s¢ mat dat vi hé toa do cua thiét b mang vat bay c6 trong do thiét
bi dan dudng quan tinh (tau thity mang thiét bi bay, may bay mang thiét bi bay). Van dé nay con
moi ¢ Viét Nam, va con it duoc cong bd, mot vai bai bao dé cap dén van dé nay nhung 1a gin
trén hé toa do lién két cua thlet bi bay [1]. Nhom tac gia dé xuat giai phap dat con quay vi co do
téc do goc, gia toc ké do gia toc biéu kién va tir ké trén thiét bi mang két hop cac thuat toan dé
giai quyet bai toan vira néu trén.

2. MO HINH LY THUYET VA PHUONG PHAP

2.1. Ma tran cosin chi phuwong va cac géc dinh hwéng

Gia sir thiét bi mang v&i hé toa do lién két OX.Y,Z, dugc xét trong hé toa do dan dudng
OX,Y,Z,. Cac goc mo ta quan hé giira hai hé toa do nay duoc goi la goc dinh hudng, gdém goc
huéng vy , goc chic ngoc ¢, géc Cren y . Tir cac goc dinh hudng v, 9,y xac dinh ma tran cosin
chi phuong giira hai h¢ toa d¢ nhu sau [1]:

a; &, a; Ci Cp Gy
T.
A= Ay 8, 8y |= c,; C= Cyn Cp Cy (1)
ay Ay Ay Gy Gy Gy

trong do:
a,, =CoSycosY, a, =sinY,a,, =—sinycosy, a,, =—Cosy SinJcosy +siny siny,
a,, = C0SJC0Sy, a,, =SiNy SinJCosy + CoSy Sin y, a,, = cosy singsiny +sinycosy  (2)
a,, =—C0SJsin y,a,, = —siny sin$sin y + cosy Cosy.
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Ma tran cosin chi phuong A cho phép chuyén doi toa do hodc véc to tir hé toa do OX,YoZ,
sang OX, Y, Z, vanguoc lai, tirc 1a néu biét véc to X, = (X, Yy, 2,) trong hé toa dd OX,Y,Z, thi
véc to d6 trong hé toa dd OX_ Y, Z s&la X = AX,vanguoc lai X, = A"X =CX (hinh 1).

Hinh 1. Quan hé gitra cac hé toa do.
Ta ky hiéu cac hé toa do sau OX,Y,Z, : Hé toa do dé; OX,Y,Z, : Hé toa gan lién véi vat thé
chuyén dong; OX.,Y,Z, : Hé¢ toa do gin lién véi phuong tién mang; OX,Y,Z,: H¢ toa d6 dia ly;

0Z,,0Z, vudng goc véi mit phang trang gidy nén khong thé hién trén hinh v&.
Néu bang cach nao d6 nhan dugc gia tri cac phan tir a; (1=123 j=123)cuamatrin A, tr
cac biéu thuc (2) dé dang nhan thay cac goc %y, y duge xac dinh nhu sau:
y=arctg(-a,, /a,); 9=arcsin(a,); w=arctg(-a,/a,) (3)
Viée xéc dinh cac goc 9,y,y hodc cac phan tir a; (hay c;) chinh la 161 giai cta bai toan dinh

huéng. Toan hoc da chiing minh néu béng cach nao d6 do duge toc do quay cua h¢ toa d6 lién két
so v6i hé toa do dan duong (hinh 1) thi cé thé xac dinh dugc cac tham sb dinh hudng néu trén.
Hién nay, c6 hai phuong phép co ban xac dinh ma trdn A trén co so thong tin vé toe do goc
o, », ®,d6 la phuong phap dung 4 s6 Rodrig-Haminton va phuong phap giai truc tiép 9 phuong

trinh vi phan mé ta quan hé cac phan tur C; cuia ma trén C. Trong bai bao nay sir dung phuong phap
ding cac tham s Rodrig-Haminton 0,,9,.,0,,0, , khi d6, ma tran A dugc xac dinh nhu sau [3]:
20, +20/-1 20,0, +20,0, 20,0, — 20,0,
A=[a;]=|200,-29,0, 20]+2q}-1 20,0, +20,, 4)
20,0, +20,0, 20,0, - 20,0, 20 +20;-1
trong do6, cac tham sd 0,,0.0,,d, dugc xac dinh bang cach giai hé phuong trinh vi phan sau:
24, =-.0, - o,0, —@,4,, 20, =00, + 0,0, — @,0s,
20, =00, - 0,0, +0,0;,, 20,=0,q,+a0,0 —o4J,.
Tir hé phuong trinh (5) cho thdy, néu c¢6 cac diéu kién ban dau q (0) (i =0,1,2,3) va c6 théng
tin o, 0,0, dé dang xac dinh duoc cac tham s6 q,,q,,q,,9, . Song trong thuc té cac toc do goc

)

do con quay cung cip thuong c6 dang sau:
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) =0, +b +W 0 =@, +b, +W,; @] = @] +b, +w, (6)
trong d6, w;, @y, ®; la chi s6 cac con quay; by,b,,b,1a cic tham s6 bién d6i cham thé hién do
troi cua con quay; W,,W,,W,1a cac nhidu do thuong 1a nhidu tring. Nhu vy, néu dung thong tin
clia cic con quay dua vao phuong trinh (5) dé gidi chung s& nhan dugc cic tham sb
0,.0,.4,.9, khong dung véi thuc té. Khac phyc hién tugng nay bai bao dé xuat giai phap dung b
loc Kalman phi tuyén mo rong voi quan sat 1a cac gia tri do gia tde ké, tir ké va con quay vi co
do tdc d§ goc cung cap d€ xac dinh cac tham s6 q,,q,,9,,d, trong cac phan tur a; cia ma trén A.
2.2. Ung dung bd lgc kalman phi tuyén va thuit toan xic dinh tham s6 dinh hwéng cho hé
dan dwong quan tinh cé de cia vat theé chuyén dong

Bo loc Kalman la mét cong cu todn hoc gilp cho viéc danh gia véc to trang thai hé dong hoc

trén co so théng tin quan sat véc to tin hiéu dau ra. Gia s qua trinh chuyén dong cia phuong
tién duwgc mo ta bai hé phuong trinh dong hoc roi rac sau:

X, =F.(X. )+ (7)
Z, =h(X,)+v,
trong do, X,, X, 1a trang thai ctia véc to trang thai X (véc to n chiéu) & budc thir K va budc thir
k-1; Z,1a gia tri cia véc to dau ra (véc to m chiéu, thuong m < n); w,, v, 1a véc to nhiéu dong
luc va nhidu do c6 dang nhidu tring voi ky vong toan hoc bang 0: o, ~N(©0,Q);v, ~N(O,R);
F.,1a véc to ham sb F & budc thir k-1:

F=(f,f,..f) 8
trong d6, f,, f,,...T.1a cic ham phi tuyén véi bién sb 1a véc to X; h, 1a véc to ham s6 h & budce
thur k:

h=(h,h,,...h ) 9)
Ma tran hiép phuong sai clia véc to sai s6 danh gia trang thai véc to X nhu sau:
P =&([X, - X, I[X, - X, ], trong d6, & 1a ky vong todn hoc.
Thu tuc cda thuat toan danh gia trang thai X trén co s& véc to quan sat (do dugc) Z theo

Kalman nhu sau:

)zk(_) = Fk—l(xk—l(-’_))’ q)k—l = 6Fk—1 I 0X X=X, (+) ! Zk = hk(kk(_))’ Hk = ahk fox | X=X, (-)

P =0 P (NP +Q , K, =P()H (HPHH, +R)" (10)
X, ()=X () +K (2 ~Z). R#)=(-KH)R ()

& day, I 1a ma tran don vi. Dé tién hanh loc Kalman can xdy dyng dwoc ham F(X) mé ta mo
hinh dong hoc ctia phuong tién chuyén dong, xay dung ham h(X)mé ta quan h¢ giita véc to
trang thai va cdc dai luong cua cac phuong tién do, xac dinh dac trung thong ké ctia nhiéu dong
hoc va nhiéu phuong tién do, tirc 1a xac dinh 2 ma tran Q,R (hinh 2).

Déi véi thiét bi dan duong quan tinh thuong gap, viéc xac dinh cac tham sé g, trong cac phan
tr a; cia ma trdn A duoc thye hién nho viée giai hé phuong trinh vi phén (5) trén co s¢ thong tin
do dugc tir cac con quay tc do goc o, 0,,o,. Tuy nhién, két qua co6 sai s6 16n khi c6 yéu t6 troi

b.b,.b,. Trong bai bao ndy, nhom tac gia dé xuit phuong phip wdc luong cac tham sb
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0y, G, 0,, 0, trén co s¢ dung bo loc Kalman véi thong tin dau ra tir cac tir ké va gia toc ké ge"m trén
phuong tién mang. Gia st phuong tién mang gin 3 gia toc ké va 3 tir ké theo truc
0OX,0Y,0Zcua hé toa d¢ lién két (hinh 3).

Gia thiét trong vung hoat dong cua phuong tién chuyén dong, véc to cuong do tir trudong trai
dat va véc to gia toc trong trudng c6 phuong va gia tri khong doi.
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Hinh 2. Bé loc Kalman phi tuyén mé réng.

Hinh 3. So d6 bé tri con quay vi co do toc do gée, gia toc ké va tir ké.

T.T,.T,: Cactirké; G,,G,,G, : Cac gia toc ké; o,,@,, @, : CAC con quay vi co.
Chiéu hai véc to do Xuéng hé toa d6 dan dudng c6 duoc cac thanh phﬁn nhu sau: B,g, Byo, Bo,
0,0, 0,0, 0,0- Céc thanh phan nay c6 thé dugc xac dinh bang cach doc céc tir ké va gia toc ké khi

lam cho hé toa do lién két trung véi hé toa d6 dan duong va cho phuong tién bat dong. Khi
phuong tién chuyén dong, cac tir ke s&€ cho cac gia tri (B,,B,,B,) va chinh la hinh chi€u cua véc
to cuong do tur trudong Trai Pit khi chiéu xuéng céc truc cia hé toa do lién két. Do vay, ¢0
(B, B, B,)" =A(B,,B,,B,;)". Nhu chiing ta da biét: gia toc ké khong do gia téc chuyén dong ma
cho chi s6 cua gia tbc cam nhan (gia toc biéu kién), tic la:

a, :Ux -0 a'y :Uy _gy! a, :Uz -0,

Trong d6, U,,U,,U, la hinh chiéu gia toc tuyét dbi cua phuong tién chuyén dong xudng cac
truc cua hé toa do lién két, con d. 9y, 9, hinh chiéu cua véc to gia toc trong trudng xudng cac
truc twong mg ctia hé toa do lién két. D& dang nhan thiy, néu phuong tién chuyén dong déu hoic
gan déu thi U, =0,U, =0,U, =0, khi do, cic gia toc ké ly tudng s€ cho cac chi so6

T T 3 A r A r
(9,9,9,) =A(-9,, —9,0 —9,) - Tt phén tich trén co:
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B=(B, By Bz)T = A(onByo Bzo)T’ G= (gx gy gz)T =A(-0,,— 9y0~ gzo)T (11)
bé tié'n, hanh xay dung bai toan loc Kalman, viéc dau tién can xay dung véc to trang thai X.
bat cac bién cua véc to trang thai X nhu sau:
X =0p X% =0 X%=0,; X, =05, X5:bl; X6=b2; X7=b3 (12)
Tiép theo can thyuc hién budc (a) trong quy trinh xdy dung bai toan loc Kalman, tirc 1a xay
dung cac ham (f,, f,, f;,...T,).

Véi cach dat bién nhu trong cac biéu thirc (12) va tir 3 phuong trinh ¢ (6) c6:

O =] — X —W,; 0, =0) —X;—W, ; @, =0, — X, —W, (13)
V6i cach dat bién trong cac biéu thirc (12) va tir (13) hé phuong trinh (5) s& ¢6 dang:
2% =—0,%, — 0X; — 0,X, =—(0 =X =W, )X, _(a); —Xg — W)X — (@] =% =W,)X,
==Xy + X X5 — O Xg + X Xg — @ X, + X, X; + (W, + XW + X, W) (14)
= fl (X)+ Ou W, + 0, W, +0353 W,
2%, = 0% + 0, %5 — 0 X, = (0] — X5 =W, )X + (@] =X, =W, )X; — (@] =X, =W)X,
= O X — XXy + @] Xy — X; Xy — O Xy + XX, + (=X W, + X,Wy = X,W,) (15)
= fz (X)+ Qo Wi+ 0, Wy +0, W,
2%, = 0% — @,%, + ©,%, = (05 = X5 —W, )X — (@ =X —W,)X, + (& — X —W,)X,
= a);x1 — XX, — W)X, + X, Xy + @y Xy — XX, + (=X, W, — X W, + X,W, ) (16)
=f, (X)+05 W, + 05, W, + 033 W,
2X4 =0, % +a)yX2 —0X; = (((); - X _Wz)xl +(a);1 =X _Wy)xz —(60: — X5 _Wx)XS (17)

= @)X, — X, % + co)’,‘x2 — XXy — D) Xy + X5 X + (XW, — X,W, = XW,)
Ung dung phuong phap toan Ole ¢ 10 giai s6 (r0i rac) cac phuong trinh vi phan (14), (15),
(16), (17) v&i budce tinh T s€ c6 dang nhu sau:
T * T * * * -
%K) =5 (k=D + 2 1 (X K-D)+ 10" 0 0 1w, w, w,T'i=12.3.4 (18)
Vi céac tham sd by, by, bs, by bién ddi cham nén c6 thé:
X5 (K) = %5 (k =1), x5 (k) = %, (k =1), x; (k) = x; (k =1) (19)
Bén phuong trinh dang (18) va ba phwong trinh dang (19) d& dang cho ta thiy cac ham
f,(X),1=12,3,4,5,6,7 khi thuc hién muc (a) cta tht tuc xay dung b loc Kalman s& la:
f,(X(k))=x(k-1) +£ £ (X(k-1), i1=1234; f(X(Kk))=x((k-1),i=56,7 (20)

Céc tham sb tham chiéu & day chinh 1a cac thanh phan cua véc to gia toc trong trudng chiéu
xuong cac truc cua hé toa do li€n két dugc do bdi cac gia toc ke, cac thanh phan cia véc to tu
truong chicu xudng cac truc cia hé toa do lién két dugc do bdi cac tu ké. Tu (11) cod thé nhan
dugc h¢ 6 phuong trinh quan sat cia véc to quan sat Z =(2,,2,,2,,2,,25,2;) " -

Véc to gia tdc trong truong chiéu 1én 3 truc hé toa do lién két theo phwong trinh (11) s& ¢6
gia tri:
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z,(k) =h (X(k)) = 2,0, +a,,9y0 + 39,0
= (20 +207 —1)9,, + (26,0, +20,0,) 9, + (26405 —20,0,)9,0
= (27 (k) + 255 (k) =1) G, + (2%, (K) X5 (K) + 25, (k) X, (K)) 9,6 + (2%, (K) X, (K) = 2%, (k) %, (k)) 9,0
z,(k) =h,(X(K)) = a,0,0 + 82 9y0 + 33309,
= (20,0, —20,05) 9,0 + (205 +20; ~1)9, + (20,05 +20,0,)9,
= (2%, (K) X, (K) = 2%, (k)X (K)) G0 + (27 (k) +2%3 (k) =1) g6 + (2% (K) X, (k) +2%,(K) X, (k) 9,
Z3(k) = hy (X (K)) = 83,0, + 83,00 + 8330,
= (20,0, +2050,) 9,0 + (20,05 — 20,64 9,0 + (205 +20% —1)9,,
= (2%, (K)%, (K) + 2%, ()%, (K) 8, + (2%, (K)X, (K) ~ 2%, (K)X, (K)) G0 + (26 (K) + 26 (K) ~1)
Véc to tur truong chi€u 1€n 3 truc hé toa do lién két theo phuong trinh (11) s€ c6 gia tri:
2,(K) = h, (X (K)) = &,B, +2,B 0 +aB,
= (205 + 20 —1)B,, + (20,0, + 20,05) By, + (20,05 — 2040,) B, (22)
= (262 (K) + 252 (K) = DB, + (2, (K) X (K) + 2%, (K)X, (K)) B, + (2%, (K) X, (K) — 2%, (K) X (K)) B,
2, (K) = hy (X (K)) = B, +2,,B, +2,B,
= (20,0, —20,05) B, + (205 +20; —1)B,, + (20,05 +20,0,)B,, (23)
= (2% (K) X (K) = 2%, (K)X, (K) 0,0 + (232 (K) + 2X2(K) ~ DB, + (2%, (K)X, (K) + 2%, (K) %, (K)) B,
2, (k) =h; (X (k)) = ay,B,, +a5,B,, +a5,B,,
= (20,0, +20,0,)B,, + (20,0, — 2040,)B,, + (205 + 203 —1)B,, (24)
= (2% ()X, (K) + 2%, (K) X, (K)) B g + (2%, (K) X, (K) — 2%, (K) %, (K)) B, o + (2X2(K) +2X2(K) ~1)B,,
Neéu co6 cac gia toc ke va cac tur ké 1y tudng gan vao 3 truc ctia hé toa do lién keét thi cac chi so

ctia nd s€ 1a cac gia tri tinh theo cac biéu thirc (21), (22), (23), (24), tuy nhién trong qua trinh do
ludn ton tai nhiéu do, nén:
z,(K) =h (X (K)) +vy; 2, (K) =h, (X (K)) +v,;
z,(K) =h, (X (K)) +v,; z; (k) =h (X (k)) + vs; (25)
2,(K) =y (X (K)) +v4; 2 (K) = hy (X () +v;

Trqng bai toan loc niy c6 6 tham sb ding vao viéc tham chiéu va duoc do boi 3 gia toc ké va
3 tir ké. Nhu vay, da thyc hién xong cong doan (b) khi thuc hién thuat toan loc Kalman.

Tir bay phuong trinh dong hoc mé ta hé phi tuyén roi rac (18), (19) de dang nhan thiy nhiéu
dong hoc chinh 14 nhiéu do ctia 3 con quay do 3 thanh phan cta véc to toe do goc va tir 7 phuong
trinh nay cho thdy ma tran phan b nhiéu dong hoc G ¢6 dang sau:

(T . T T L]

(21)

5 > 5913
T, T ., T,
5921 Egzz Egza
T.T . T, (26)
Go 5931 Egaz Egss
T . T . T.
5941 5942 5943
0 0 0
0 0 0
| 0 0 0 |
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Khi cac nhidu do cua cac gia téc ké va cac tir ké khong twong quan 1an nhau thi ma tran R
kich thudc (6 x 6) sé 1a ma tran dudng chéo (cac phan tir ngoai duong chéo déu = 0). Cac phan tir
ctiia duong chéo chinh 1a phuong sai cta nhiéu do ting gia toc ké va tung tir ké. Vi nhiu dong
hoc 1a nhiéu do cuia 3 thiét bi do thanh phan véc to toc d6 goc nén ma tran Q kich thude (3 x 3)
cling 14 ma tran dudng chéo véi cac phan tir & dudng chéo 1a phuong sai cia cac nhiu do cua
cac con quay 2 bac tu do (hodc con quay Vi co), & ddy ciing gia thiét cac thiét bi do nay khong
tuong quan vdi nhau. Nhu vdy, Q, R ¢6 dang:

o 0 0 0 0 0
2
= e o 0 o} 0 0 0
o 0 0 o 0 0 O©
Q=| 0 o 0 [R= ) (27)

v 0 0 0 o 0 0

0 0 o *
0 0 of 0
0o 0 0 0 0 of

Trong do:
O'w ,0'2 ,62 phuong sai sai s6 do thanh phan téc d6 goc cna cac cam bién do téc d6 goc (con
quay vi co hodc con quay 2 bac ty do); 0'& A/ Az phuong sai sai s6 do cua cac gia toc ké.

o 02,02 phuong sai sai s do ctia cac tir ké.
X y z

Ma tran chuyén D, =%| . = [%],i =]7, j=1 (28)
X=X, (k-1)

Tién hanh ldy dao ham riéng cac ham sb (18) va (19) theo cac bién s x.,i=1,7 nhén duoc

cac bién ¢; nhu sau:

o, o _Tr Lo Tr |
h =5 =b e = 5= o[l DD Jid =73=5[—w <k—1)+x6(k—1)]
o= 5= 5[0l 0D 00D e = 2= Dk Dty = 5= Sk
o T o, T _5 o _6f_:.
¢17:a_:2[X4( _l)]v¢21_axi_2|:wx(k i) Xs(k 1):|v¢zz_axz )
e =2f—=%[w3(k—1>—x (k-] =i=2[—w"(k—1>+x6<k—1)];

X 29
¢25=2f_=_%[x1(k_1)] ¢26 _=_[X (k 1)] ¢27 =_I[X4(k_1)]; ( )
¢31=2f—xi=1[ k==X (k-1 Jid =22 = -0l k- 1)+x<k D] o =1

of, T 3 T )
b= =Lk (k—l)—xs(k—l)]«/ﬁss=&=—5[x4<k—1)]; b :az—g[ﬁ(k—l)],
37—2f—=T[ kD=5 I[co;(k—1)—x7(k—1)];¢42=ﬂ=g[—w3(k—1)—x6(k—1)};
43—?—=2[ 0 (=D + 3K Jifu =S5 =L g = 2 =[x (K-D];

5
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o= 5= 5D = 7=—1[x1(k—1>];¢51:%1=0:

ﬁf ofy 8f ofg
o, = gfz =0;¢, = 2]2(3 =0;¢., = %f4 =0, = afs =L, = al? =0;0,, = af7=,
¢61:8_Xi: s = 6X2:0;¢63 83 =0;¢, = ax4—0;¢65=a—x5=1;¢66=a—x6=1;
fr = S =0 =57 =0 = 2T =0 = ST =0, = L=
Prs = 2:(5—0;@6:?—)(2:0; @7:?7:4

Ma tran quan sat (tham chiéu) Hy s€ co dang:

|x X_(k) = [h].i=16, j=1,

(31)

Tién hanh 1y dao ham riéng cac ham sd tir (21) dén (24) theo cac bién s§ X, i=17 nhan

dugc cac bién hj; nhu sau:

0 0
hy, = 821 49,0% (K) +29,,X, (k) —29,0%;(k); h, = a)r:l=4gxoxz(k)+2gyox (k) +29,0%,(k);

2

6*& oh. oh
hy; = o, =20,0%,(K) —29,0% (k);hy, = o, =20,0% (K) +20,0%,(k);hg = o, =0;
ah1 ah1 oh,
hye = o, =0;h, = ox, =0;h, 8X1 =—20,0%, (k)+4gyoxl(k)+29zox (k);

hy, = 20,0%; (K) + 490X, (K) +20,0% (K); hys = 20,0, (K) + 290X, (K);

hyy = —=20,0% (K) +29,0%; (K); hps =0;h,s =0;h,, =0ch,, = ZByoxl(k) +2B,0%, (K);
Py = 20,05 () 20,.%, (K) + 40,05 (K)i i = 28,0%, (6) ~ 20,,%,(0; iy =0

has =20,0% (K) + 200X, (K); Ny = 20,0%, (K) + 290X, (k) +40,0X, (K);hye =0;

hy; =0;hy =0;hy, =0;h,; = 4B, % (k) + ZByOX4(k) — 2B, %5(k);h,; =

h,, =4B,X, (K) + 2B X, (k) + 2B, (k); h,s = 2B, X, (k) — 2B, X, (k);

hey =—2B,oX, (k) + 4B, X, (k) + 2B, X, (K); hs, = 2B,y X (k) + 4B, X, (k) +2B,oX, (K);

hey = 2B, X, (K) + 2B, X, (K); Mgy = =2B, X, (k) + 2B,y X; (k); hgs = 0; hgs =0;
hss = 0;hg; =0;hy, =2B, %, (k) - 2Byoxz (k) +4B,ox, (k);hgs =0;h, =0;
he, = 2B, X, (k) — 2B X, (K); hey = 2B, X, (k) + 2B, X, (k);

he, = 2B,oX, (K) + 2B, X; (k) + 4B, (k);

3. MO PHONG VA THAO LUAN

(32)

(33

)

Qua trinh mé phong kiém nghiém trong Matlab va gia dinh tau mang chay rap rinh vai toc do
tinh

@, =0.05sin(L* N* At); @, =0.058in(L* N*At);0, =0.125in(L* N*At)  voi  bude

At=0.001 s trong khoang thdi gian 15 s. Trén hinh 4 13 két qua mé phong qua trinh loc Kalman
mo rong theo thuat toan néu ¢ trén. Duong nét do 1a do thi gia tri ly thuyét, duong nét mau den la
két qua loc Kalman. Qua d6 thi cho thay két qua loc gan trung voi dudng 1y thuyét, ching toé tinh

dung dén cua thuét toan.
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Nghién ctru khoa hoc cong nghé
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Hinh 4. Bé thi tham s6 9w,y gia dinh va wéc leong.
4. KET LUAN

Trén co so sir dung thong tin do dugc tir cac con quay vi co do tde do goc, cac tir ké va cac
gia toc ké dit trén phuong tién chuyén dong (phuong tién mang) va tng dung bo loc Kalman phi
tuyén mo rong cho phép thiét 1ap thuat toan xac dinh cac tham s Rodrig- Haminton. T do, X&c
dinh céc phan tir cia ma trdn cosin chi phuong trong diéu kién con quay vi co do toc do goc co
do tréi va nhleu Tuy nhién, thuat toan nay chi c6 gia tri khi tong véc to cac chi sb cua 3 gia tde
ké bang gia toc trong tredng noi phuong tién mang c¢6 mat. Viée phuong tién mang chuyén dong
trong cu ly ngén thi cac gia tri Byo: Byo: B trong cong thirc cua biéu thirc (11) s& 12 hing sb, con

khi phuong tién chuyén dong hoat /dong trong cuy ly dai thi can ¢ ban dd s6 voi tham s6 véc to tur
truong. Di véi phuong tién chuyén dong co gia toc thi can bd sung phuong tién do van toc. Khi
d6 thuat toan s€ khac. Thuat toan nay co6 gia tri dat diéu kién ban du cho hé dan duong quan tinh
c6 dé ca thiét bi bay tu dong trudc khi phong khoi vat mang.

TAI LIEU THAM KHAO

[1]. Trin Puc Thuan, _Truong Duy Trung, Nguyén Quang Vinh, Nguyén Si Long, Tran Xuan Kién, Bui
Hong Hué, Nguyén Vin Dién, “Xdy dung thudt toan xac dinh tham $6 dinh huong cho phwong tién
chuyén déng trén co sé két hop con quay toc dé gée véi tir ké va gia toc ké”. Tap chi Nghién ciru
KH&CN quan sy, Vién KH&CN quan sy, s6 25, tr 7-16, (2013).

Tap chi Nghién ciru KH&CN quin su, 90 (2023), 45-54 53



K7 thugt diéu khién & Dién tiv

[2]. Trin Ptc Thuan, Nguyén Hoang Minh, Nguyén Si Long, Bui Hong Hué, Nguyén Van Dién, “Xay
dung phirong phdp va thudt todn hiéu chinh khi lap dat thiét bi dan dwong qudn tinh”. Tap chi Nghién
ctru KH&CN quan sy, Dac san TDH 4-2014, 161-168, (2014).

[3]. Truong Duy Trung, Nguyen Quang Vinh, Nguyén Quang Hung, Tran Duc Thuén, “Xdy dung thudt
todn xdac dinh tham so dan duong cho phuong tién chuyén dong trén co sé ket hop con quay toc do
géc véi tir ké, gia téc ké va van toc ké”. Tap chi Nghién ciru KH&CN quén su, s6 21, tr 3-12, (2013).

[4]. Truong Duy Trung, Tran Btc Thuan, Nguyén Quang Vinh, “Thudt todn dét diéu kién ban dau cho co
cau dé ciia hé thong din dwong quan tinh theo phuong phap phoi hop vée to vin toc”, Hoi nghi toan
qudc 1an thir hai vé Diéu khién va Ty dong hoa, Tr 269-275, (2013).

[5]. Oleg S. Salychev, “Inertial systems in navigation and geophysics”, Bauman MSTU Press Moscow, (1988).

[6]. Mohinder S. Grewal, Angus P. Andrews, “Kalman Filtering Theory and Practice”, Prentice Hall, (1993).

[7]. Robert M. Rogers, “Applied Mathematics in Integrated Navigation Systems”, AIAA, (2000).

ABSTRACT

Setting up an algorithm to determine the directional parameters for moving vehicles
on the basis of integrated rate gyroscopes, magnetometers and accelerometers

This paper presents a method of applying an extended nonlinear Kalman filter to
combine the measured information from the angular speed gyroscope with the
magnetometer and accelerometer to estimate the Rodrig-Haminton parameters. These
parameters help to determine the direction cosine matrix and calculate the orientation
angle between the coordinate system attached to the carrier and the navigation coordinate
system. The simulation results confirm the correction of the proposed algorithm.

Keywords: Gyroscopes; Magnetometer; Accelerometer.
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