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Tom tat:

Bai bdo trinh bay cd s toan hoc cho viéc sir dung thdng tin do dugc tir hé cac gia toc ké dé€ xac
dinh t6c dd quay cla vat thé chuyén dong. TUr tdc dd quay cd thé xac dinh dudc cac goc tu' thé clia
vat thé. Giai phap clia bai todn la xay dung cac phuong trinh md ta quan hé gitra téc dé quay vdi
cac gia téc & cac diém khac nhau trén vét, sau do st dung giai thuat loc Kalman dé xay dung thuét
toan xac dinh t6c dd quay cla vat. K&t qua 1a xac dinh dugc tu thé va vi tri cla vét thé trong khéng
gian (giai quyét bai toan dan duding cho vat thé chuyén dong).

T khoa:
Gia tdc k&, ddi tugng dich chuyén, thudt toan loc Kalman.
Abstract:

Paper presents the mathematical basis of using information that is measured from the accelerometer
system to determine the rotation speed of a moving object. From the rotational speed, it is possible
to determine the position angles of the object. The solution of the problem is to build equations
describing the relationship between the rotation speed and the acceleration at different points on the
object. Then the Kalman filtering algorithm is used to build an algorithm to determine the rotation
speed of the object. The posture and position of objects in space are identified.

Keywords:

Accelerometer, moving object, kalman filtering algorithm.

1. MG PAU

Van d& dan duong cho vat thé chuyén
dong ban chét la xac dinh vi tri, van téc
cua tam khéi va tu thé cua né so vai hé
toa d6 duoc chon lam hé toa do dan
duong. Viéc su dung cac phuong tién do
nhu con quay do téc do goc, gia toc ké va
thong tin dinh vi vé tinh di duoc nhiéu

cong trinh d& cap va dd c6 nhiéu tng
dung dugc hién thuc héa. Do cdc con
quay do toc do goc ludn co do troi khong
(c6 gia tri phat ra cho du vat thé khong
quay) va do trdi nay bién ddi trong qua
trinh hoat dong, vi vay trong thyc té phai
6 cac hé do khac dé khic phuc hiéu ung
sai s6 do tinh trdi khdng cua cac con
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quay. Trong [1] da xay dung thuat todn
két hop con quay do téc do goc voi hé da
gia toc ké dé khic phuc hién tugng troi
khéng. Trong bai bdo nay, nhdm tac gia
dé xuat giai phap chi st dung hé da gia
téc ké (khdng sir dung con quay va théng
tin dinh vi vé tinh) dé giai quyét van dé
dan duong. Van d& nay thuc su ¢ y nghia
thue tién khi xay dung thiét bi dan duong
cho cac phwong tién ngam, phuong tién
chuyén dong nhanh ma & d6 khong thé co
théng tin tir cac hé dinh vi vé tinh.

2. THIET KE THUAT TOAN XAC BPINH
THONG TIN VE TOC PO QUAY GOC
TU THONG TIN HE PA GIA TOC KE

Vi cac gia toc ké gan truc tiép o vat thé
chuyén dong, nén céc chi sé do céc gia
t6c ké dua ra 1a cac thanh phan cua gia tc
& cac diém gan gia toc ké do trong hé toa
d6 gan lién vai vat thé (hé toa do lién két).
Pé xac dinh dugc tham sé chuyén dong
cua tam khoi vat thé so voi hé toa do dan
duong can phai c6 thdng tin gia toc tam
khéi so véi hé toa do dan duong.

X X
Yo |[=AY, (1)
Z, Z,

Trong d6 A goi la ma tran cosin dinh
huéng, ¢6 ciu trac nhu [2, 3].

Viéc xac dinh quan hé giira hé toa d6 dan
duong va hé toa do lién két chinh 1a viéc
xac dinh ma tran A hoac ba géc v, 9,y
(goc tu thé [3]). Theo [2, 3] néu co thdng
tin vé toc do quay cua vat thé xung quanh
3 truc cua hé toa do lién két oy, 0,0, thi

c6 quan hé ctia cac phan tir ma tran A voi
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c4c toc d6 quay d6 nhu sau:

¢y =Cpo, —Co,, Gy

i3 =Cyo, —Cp®,, Cyy

= Cp0, — Cy @,
=C,m, — nga)y,

Cyp =Cp0y —Cy@,, Cp3 =Cpy0) —Cyy 0, (2)
Cyy = Cy0, —Cy0,, Cgy = Cya00, —C3,,

G35 = C310, —C0,

Trong (2), ¢jj 1a cac phan tir caa ma tran A,

Nhu vdy dé xac dinh tu thé cua vat trong
qua trinh dong phai c6 théng tin vé cac
tbc do quay w,,®,,®,. Sau day s€ trinh
bay vi¢e xic dinh @, @,,®, nho h¢ da gia

téc ké gin trén vat thé chuyén dong.

Hinh 1. Chuyén déng phtrc hop
cla vat ran ly twéong

Dé hiéu r6 ban chét viéc xac dinh téc do
goc trén co so hé da gia tc ké, ta xem xét
chuyén dong cia mot vat ran 1y tuéng nhu
hinh 1. Gia st vat ran chuyén dong phirc
hop ¢6 gia toc goc @, van téc goc @, gia
toc dai @,. Khi d6 phuong trinh co ban
mo ta gia téc cua mot diem P bat ky trén
vat rin nhu sau [1,4]:

ap=d,tay, +d,, 3)
trong do, d,,,d, |4 gia toc tai diém P va O;
arphtla,gla téc,: huéng tam tai P; a ,Ia gia
toc tiep tuyen tai P; O la tdm khoi cua
vat thé.
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Chung ta biét rang [4]:
0 (4)

Ap, = AX

<

a Ph

=X (0xF,) (5)
& day 7,12 vecto néi diém P véi diém O.
T (3), (4), (5) suy ra:

d,=d,+axF, +Ox(0xF,) (6)

Theo [4], &p dung cdng thirc nhan 2 vecto
¢6 hudng ta co:

0 r,  —nlla
| xToo|=-T, 0 1|,
r, - 0 ||, -
0] r, —r|lo
=|-r, O ||,
r, - 0]o
| x (0% Top)| =
w;
0 of| @
-r, -—r, ry r, a)z (8)
z
-r, 0 -r, 1, 0 o
-r, —r O O r, rifl "7
z z X y .
X z
w,©,

Xem xét md hinh hé cam bién gom 4 hé
gia toc ké 3 tryc nhu hinh 2, trong d6 hé
gia toc ké s6 1 dat ¢ tam khdi vat thé
chuyén dong. Con ba hé gia téc ké con lai
dat & 3 vj tri trén cac truc hé toa do gin
lien vai vat thé chuyén dong.

Hé toa d6 OXYZ I hé toa d6 lién két cua
vat thé chuyén dong, tit ca cac cam bién
¢ truc nhay song song vai cac truc tuong
g cua hé toa do lién két.

@

Iy r3/
@ /@

Ty 0] X
AN

®

Hinh 2. Mb hinh 4 hé gia toc ké 3 truc
Vi hé gia toc ké s6 1 nam ¢ tam khdi vat
thé, nén chi s6 cua n6 sé la gia toc
chuyén dong dai, tuc la:
T 0 A0 A0qT
[Alx Aly Alz] =[ax a‘y az] (9)
trong d6, A ; A, A, la cac gia tri ly tuéng
cua hé gia téc ké sé 1; a°;a°;a°la céc gia
x' Tyl Tz
toc dai cua vat thé.
Hé gia toc ké s6 2 nam cach tam khéi O
khoang cach r va ¢ vi tri:

Ly =-Tl, = o;r,, =0 (10)

Tir cong thic (3), (7), (8) ta c6 chi sé gia
toc ké s6 2 nhu sau:

Al & 0 r (o] +of)
A, | =85 +|-ra,|+| —ro,o, (11)
Al &) |re, —ro,o,

trong o Ay, ; A,,; Ay, la cac gia tri 1y tuong
cia hé gia toc ké sb 2, w,;m,;m, 1a cac
van toc goc cua vat the; o ;o ;e la cac
gia tc goc cua vat thé.

Hé gia téc ké s6 3 nam cach tam khéi O
khoang céch:

r,=0; L, =TI, = 0 (12)

Tu cdng thuc (3), (7), (8) ta co chi sb gia
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tdc ké sb 3 nhu sau:

A, f —To, ro,o,
Ay l=a%+| 0 |+|-r@?+e) (13
Al 120 |ro, ro,,

trong do A, ; A, ; A, la cac gia tri 1y tuong
cua hé gia téc ké s6 3.

Hé gia toc ké sb 4 nam cach tam khdi O
khoang cach:

L =01, =0r,=r (14)

Tur cdng thuc (3), (7), (8) ta co chi s6 gia
toc ké s6 4 nhu sau:

Al a7 |ra, roo,
Ayl =20+ |-ro|+| roo, (15)
ALl &) 0 —r (@} + f)

trong do A, ;A,,; A, la cac gia tri caa h¢
gia toc ké sb 4.

Trir hai vé ciia phuong trinh (11) véi hai
vé phuong trinh (9) nhan duoc:

A2X_A&x 0 r(a)5+a)zz)
A, - A =|-To,|+| —roo, (16)
AZZ - Alz r-a')y —To,w,

Trir hai vé ciia phuong trinh (13) véi hai
vé phuong trinh (9) nhan dugc:

A?;x - Alx _rd)z ra)xa)y
Ay, —A =] 0 |+]r(@+w?)| QA7)
A3z - Aiz rd)x rona)z

Trir hai vé ciia phuong trinh (15) véi hai
vé phuong trinh (9) nhan dugc:

A, —A, ra')y ro,o,
A, —A=-To|+| roo, (18)
A4z _Aiz 0 _r(a)f +Cl)§)
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bat
mlza)x;mzza)y;mgza)z;
m. = @2 M = @2 Mm. = @
, = Wy, 5_wy1 e = Wy, (19)

m, = o,

X y’

m, = o, ,;

m, = w,®,;
V6i cach dat bién nhu (19) tir cac phuong
trinh (16), (17), (18) c6 hé 9 phuong trinh:
1) m5+m6 :(AZX_AJ.X)/r
2)-m,—my,=(A, —A)/Tr
3)_m8+m2 =(A2z_A1z)/r
4) m; —m;, :(A3><_A1x)/r
S)-—m,—mg=(A, —A)/r
6)my+m =(A, —A,)/r
7) mg; +m, =(A4x_A1x)/r
8) m9_ml=(A4y_A1y)/r
9)_m4_m5:(A4z_Aiz)/r (20)
Hé phuong trinh tuyén tinh (20) la hé
tuyén tinh véi 9 an sé6 m;i=1.9. Tién
hanh giai hé nay nhan duoc:
1) mlza)x :(A1y+A32_Alz_A4y)/2r
2) m2 :a)y :(AZZ+A4x_Aix_Aiz)/2r
3) msza)z :(A1X+Aiy_A2y_A3x)/2r
4) m, :a)f :(_A42+A12_A2>(+A1X_A3y
+A,) ] 2r
5) m5=0)5 :(Alz_A4z+A2x_A1x+A3y
-A))/2r
6) mG :a)zz :(AZX_Aix_Aiz+A42_A3y
+A,)/2r
7) m, = 0,0, :(A’sx_Aix_'_Aiy_AZy)lzr
8) m; =w,0, = (A4x _Aix _AZZ + Aiz)/zr
9) m9 :a)ywz = (A3z _Aiz _Aly +A4y)/2r
(21)

Dé xac dinh van toc géc w,, w,, o, cia vat
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thé xin dé xuat giai phép ung dung giai
thuat loc Kalman dé xac dinh cac van
toc goc @,,w,, w, (bd loc Kalman la mot
cbng cu toan hoc gilp cho viéc danh
gid vecto trang thai hé dong hoc trén
co s théng tin quan sét vecto tin hiéu dau
ra[2]).

Pé tng dung giai thuat Kalman déi
V6i van d xic dinh O, 0, O, tién hanh
X4c lap trang thai X can danh gia 1a
o, @,, O, thc la:

X :[Xl’XZ'XB]T I[G)X,C()y, a)z]T (22)

Tu ba phuong trinh (1, 2, 3) cua hé (21)
co:

(,(K) - @, (k-D)/ AT ~ &,

:(A1y+ASZ _Aiz _Azly)/zr
(0,(k)-—,(k-1))/AT @
:(AZZ +A4x_A1x_Aiz)/2r
(@, (K) -, (k-D) /AT = &,
:(A1x+A1y_A2y_%x)/2r

Trong cac phuong trinh hé (23) cling nhu
hé (21) cac ky hieu A, A, A,,1=1,2,3,4
la céc thanh phan gia téc thuc chiéu trén
cac truc. Ta ky hiéu Aix,iliy,ﬁiz,i=1,2,3,4

' (23)

la c&c sb do doc dugc tir cAc gia toc ké trén
cac truc do twong wng, cac ky hiéu
Sy: 0y 0,,1=1,2,3,4 1a c4c sai s6 do cua
cac gia toc ké twong Gng, AT - budc thoi
gian roi rac héa phuong trinh vi phan cua
h¢ (23). Khi d6 sé c0 cac phuong trinh sau:

(A1y+A32_Aiz _AAy)/Zr:
('&1y + ABZ - A1z - AAy)AT /2r
(8, + 8y, — 5y — 61 )AT I 27

(24a)

(AZZ +A4z _Alx _Aiz)

= (A, +A,—A,—A)AT /2r  (24b)
_(522 +64x _51x _512)AT /2r
(A1X+A1y_A2y_A3X)/2r

= (A, +A, - A, —A)AT I 2r (24c)

(S, +8,, — 8, — S, )AT [ 2r

V6i cac dat bién nhu (22) tir ba phuong
trinh caa hé (24a), (24b), (24c) nhan
duoc:

X (k) =x (k=1)+

(A, +A,—A,-A AT/ (25)
2r = (8, + 8y, = 8, — 8, )AT 1 2r

X, (K +1) = %, (K)

+(A22 + AAX - Alx - ALZ)AT (26)
12r — (522 +0,, =0, —§lZ)AT /2r

X, (K) =%, (k -1)

+A, +A, - A, —A AT/ (27)

2 — (8, + 8, —8,, 5, )AT 1 2r

Phuong trinh (25), (26), (27) chinh la
phuong trinh dong hoc trong thuat toan
loc Kalman.

Tu 6 phuong trinh (tor phuong trinh thir
4 dén phuong trinh thir 9) cua hé (21)
chdng ta nhan dugc hé phuong trinh tham
chiéu nhu sau:

a)Z =[z2,2,2,2,2,]

=h(X,)+v,
(28)
b) h=[h,(X,)h,(X,)h;(X,)
h, (X )hs (X, ) h, (X )T
Trong d6 cac ham z =h(X,) la 6

phuong trinh (tir phuong trinh thir 4 dén
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phuong trinh thir 9) cua hé (21) duogc cu
thé nhu sau:

2, =h(X,)= Ctlf(k) = )?f(k)
z,=h,(X,) = w;(k) = )A(zz(k)
Z;=hy(X,) = wzz(k) = )A(a?(k)
2\4 = h4(xk) = a)x(k)a)y(k)

=% (k)%, (k)

25 =g (X, ) = 0, (K)o, (k)

=%, (k) %, (k)

26 = hs(xk) = wy(k)a)z (k)
=X, (k)ﬁs(k)

(29)

H¢ phuong trinh (29) chinh 1a hé phuong
trinh tham chiéu trong giai thuat loc
Kalman.

Pé co thong tin do luong céc théng sb
tham chiéu trong giai thuat loc Kalman, ta
thuc hién doc céc chi sé cac gia tc ké va
sau d6 thuc hién cac phép tinh s hoc theo
cac biéu thic ¢ vé phai cia 6 phuong
trinh cudi hé (21), tuc 1a:

21:(_A41+'&12_A2x+'&1x_'&3y

+A,) 1 2r

Z, :(Aiz_'&ztz-’-'&Zx_Aier&y

-A,)l2r (30)
23_(AZX_A1X_ALZ+AAZ_A3y

+A,) 1 2r

Z4=(A3X_Alx+'&1y_A2y)/2r
25:(A4x_'&1x_'&zz+'&iz)/2r
ZSZ(ASZ_AIZ_Ay+A4y)/2r

O day 4,,4,.4,,i=1234 I cic 6 do
doc dugc cua cac gia toc ké & cac thoi
diém gian doan thir k .

Nhu vay c6 da thong tin dé thuc hién giai

(ISSN: 1859 — 4557)

thuat loc Kalman. Cac ma tran G (ma tran
cuong do nhiéu), Q (hiép phuong sai hé
dong hoc), R (hiép phuong sai quan sat)
duogc xac dinh trén co s¢ hé phuong trinh
(25), (26), (27), (28) va cac thong tin vé
phuong sai cua cac gia téc ké do hang san
Xuat san pham cung cap trong tai liéu béan
san pham. Van dé nay duoc giai quyét
nhu trong cong trinh [1].

Mau chét van dé duoc dé& cap trong bai
bdo nay la da xay dung duoc thuat toan
xac dinh tdc d6 goc cua vat thé chuyén
dong tir hé thuan tay cac gia téc ké, khong
¢6 cac con quay do tdc do goc, nén tranh
duoc hiéu ung tréi khéng.

Trén céc hinh 3, hinh 4 va hinh 5 1a két
qua mé phong thuat toan da trinh bay. O
cac hinh nay duong lién nét 1a cac téc do
goc gia dinh, con duong mau xanh 1a két
qua loc Kalman tur cic thong tin gia gia
téc ké. Cac toc do goc gia dinh ¢ day la
cac ham sau:

, (t) =0.005t +0.1; e, (t) = 0.1sin(0.1t);

® 2.6khit <8000(ms)
Q. =
‘ 2.6+0.006(t —8) khit - 8000(ms)

09

0.8

“an toc goc [radia/giay]
o o o o o
w IS I o ~

=
]

thoi gian [ms]

Hinh 3. Dé thj van téc goc @, tir két qua loc

Kalman hé do gia toc ké
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wWZ

0.2 T

7 R
1y

m

|
01 I

-0.05

Van toc goc [radia/giay)

-0.1

-0.15

-0.2

-0.25

15000

thoi gian [ms]

Hinh 4. D4 thj van téc géc o, tir két qua loc Kalman hé do gia téc ké

WZ

3.5 T

g
i)

Van toc goc [radiafgiay)

]

—
(5]

-

=
[55]

_______________________________________________________________________

15000

thoi gian [ms]

Hinh 5. D thj van toc géc o, tir két qua loc Kalman hé do gia toc ké

3. KET LUAN

Qua két qua mé phong cho thiy tat ca cac
truong hop cac toe do goc quay quanh cac
truc, duoc tinh tir giai phap loc Kalman
trén co s& Xur 1y thong tin do duoc tur hé
gia toc ké, trung véi céc toc do quay dat.
Nhu vay giai phap va thuat todn da trinh

bay c6 tinh ding dan va co gia tri su
dung. Viéc sir dung hé da gia tc ké tranh
khong phai sir dung cac con quay do téc
do goc (ludn c6 do tréi khong) va khong
phai dung céc thong tin tir ngoai vat thé
(nhu thong tin tir hé dinh vi vé tinh).
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