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TOM TAT

Bai bdo nghién ciru phwong phdap danh gid dnh hwéng rung lic dén sai s6 thudt todn xdc dinh tw
thé vdt mang. Mé td cdc khoi chire nang trong mé hinh mé phong danh gid sai sé thudt todn dua ra.
Trong do, tin hi¢u chuyen dong cac goc hudng, goc gat va goc quay quanh truc doc dugc chia thanh
chuyen dong xdc dinh va chuyen dong ngau nhién. Tin hiéu chuyén dong ngau nhién dwoc khoi tao
nho su dung bo loc tao hinh. Pé xdc dinh cac géc tw thé, vit mang khéi dinh hidng duwoc st dung.
T rong khoz nay, phu’ong trinh vi phan dwoc giai nho sir dung phwong phap tich phdn an. Dé danh
gid sai s6 xdc dinh goc tw thé vit mang, khoi xdc dinh sai s6 thuc hién so sanh quaternion nhdn
dwge tir khoi dinh hwong va quaternion dac trung cho goc Euler khéi tao ban dau. Dé tién hanh mé
phong, khao sat, tau bién dwgc Zay lam vdt mang voi cac ddc trung thong ké dwoc xac dinh trudc.
Pé thuc hién mé phong danh gia anh hwong rung ldc dén @ chinh xdc xdc dinh tw thé, phan mém
Matlab dwoc sir dung. Két 'qud mo phong cho ta thay khi dai phé rung ldc réng sai s6 xdc dinh tw thé
Vit mang tang 1én ding ké.

Tir khéa: Goc hudng; Tu~thé goc; Dan duong quén tinh; Phuong trinh dong hoc; Rung lic ngdu nhién; Dic tinh bién do-
tan s0; GINS - H¢ thong dan dudng quan tinh c6 de.

1. PAT VAN PE

Bai toan xac dinh goéc hudng cua vat mang 1la mot trong nhiing bai toan quan trong trong cac hé
théng 6n dinh, dan duong. Thiét bi xac dinh gdc co thé duoc st dung trong viéc diéu khién, 6n dinh
tén Itra, v¢ tinh, may bay va mét s6 loai sung phao,... P chinh xac xac dinh gbc tu thé cua cac loai
vat mang nay s& anh huong truc tiép dén chét lugng cac hé thong nay.

Do chinh xac dénh gia goc tu thé vat mang khong chi phu thugc vao chat lugng cac thiét bi con
quay ma con phu thude vao thuat toan va déc diém chuyén dong cua timg ddi tugng. Vi cung dac
diém chuyén dong vat mang khi str dung cac thuat toan tinh toan sé& cho ta sai s6 xac dinh tu thé goc
khac nhau. Ngoai ra, véi cung thudt toan dua ra voi cac dac diém chuyen dong khac nhau, d¢ chinh
xéc xac dinh cac goc tu thé nhan dugc ciing khac nhau. Chuyén dong rung lac vat mang sinh ra vén
tbc goc dau vao cac thiét bi con quay do toc d6 goc cua khdi dinh huéng, nén dic diém cia né ciing
s€ anh huong dén d6 chinh xac cta khdi nay. Do d0, viéc danh gia dugc anh huong rung lic voi
thudt toan gilp ta co the dwa ra phuong an sir dung cam bién, cac giai phap chéng rung cho phu hop
dé dam bao yéu cau vé do chinh xac. Chinh vi vay, viéc klem tra, danh gia do chinh xac thuat toan
xéc dinh tu thé vat mang trong diéu kién rung lic co tinh cap thiét cao trong ky thuat [5, 6].

Thong thuong, viéc kiém tra do chinh xac thiét bi nay thuong duoc thuc hién trén cac gia kiém
tra chuyén dung dét tién. Sir dung cac gia chuyén dung c6 wu diém 13 ngoai kha niang danh gia dugc
dd chinh xac thuat toan né con cho phép ta danh gia dugc do tin cay hoat dong cua thiét bi phén
cimg. Tuy nhién, viéc sir dung phuong an nay cé thé 1am tiang chi phi, dic biét 1a ¢ giai doan thu
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nghiém ban dau thuat toan dua ra. Ngoai ra, 6 nudc ta do chua lam chu dugc cong nghé ché tao céc
gia thir chuyén dung nay nén viéc xay dung cac chuong trinh diéu khién dung nhu diéu kién chuyén
dong thuc cua vat mang con gap nhiéu kho khan.

Trong bai bao dua ra phuong an kiém tra do chinh xéac thuat toan xac dinh tu thé vat mang trong
diéu kién rung lic nho phuong phép md phong. Viée st dung phuong an dua ra co thé gitp nha
nghién ciru, cac chuyén gia | thiét ké ché tao trong linh vyc nay thyc hién danh gia thuft toan xac dinh
tu thé vat mang mot cach dé dang, chi phi thap.

2. PHUONG AN DANH GIA SAI SO THUAT TOAN
XAC PINH TU THE GOC VAT MANG

Thong thudng dé kiém tra, ddnh gia thuat toan xac dinh tu thé vat mang ta sir dung gia thir
chuyén dung. Gia thur nay s€ tao gia dau vao 1a cac goc tu thé vat mang theo chuong trinh gan voi
cac diéu kién bay cua thiét bi bay v6i d6 chinh xac cao. Bo xac dinh tu thé goc gdbm ba con quay do
toc do goc s& duoc gan chiat véi gia quay ba béc tu do. Tin hiéu dau ra ctia ba con quay do toc do goc
s& duoc dua vao xur Iy & may tinh s6 va trén dé thuc hién thuat todn xéac dinh tu thé gbc. bé danh gia
d6 chinh x4c thuat toan dua ra tin hiéu vé tu thé goc duoc danh gia dem so sanh véi cac goc hudng
tao ra trén gia thir chuyén dung. Tuy nhién, viéc su dung phuong 4n nay s€ lam tang chi phi va yéu
cau phat trién phan mém diéu khién dé tao gia chuyén dong goc 14 bai toan phirc tap. Dé vuot qua
han ché nay ta st dung phuong an danh gia thuat toan xac dinh tu thé vat mang bang phuong phap

mo phéng.
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Hinh 1. M6 hinh mé phong ddanh gia dé chinh xdc thudt todn xdc dinh tw thé géc vit mang.

Thuét toan dénh gia tu thé goc dugc thuc hién trén may tinh trén khoang bang cach tinh toan ra
cac goc dinh hudng vat mang khi cé dau vao la céc tin hi€u nhan duoc tir khoi IMU. M6 hinh mo6
phong phuc vu danh gia @6 chinh xac thuét toan dinh hudng dugc thé hién trén so d6 hinh 1.
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Trén so do nay, tin hi¢u tir by phat chuin duoc dua vao cac bd loc tao hinh (FF ) dung de mo
phong chuyen dong tuong ddi ctia vat mang 1a ba goc Ole vy, O, y. Céc tin hi¢u goc nay co thé V1et
duéi dang tong cua thanh phan chuyen dong xac dinh va thanh phan do chuyén dong rung lic ngiu
nhién. Thanh phan do chuyen dong xac dinh sinh ra la chuyen dong theo quy luat phu thudc thoi
glan xéac dinh, con thanh phan do chuyén dong ngiu nhién cua vat mang sinh ra c6 dic tinh phd tan

s0 dugc xac dinh trude nho thuc nghiém. Khdi tao van toc goc chuyén dong Trai dat (a)@) dua ra

véc to van toc goc ctia Trai dat. M6 hinh b do vecto van toc goc (model IMU) dung dé xac dinh
vécto van toc goc tuyet d6i cua vat mang. Kh6i mau chuan 1a phan tir bién doi cac goc dinh hudéng
duoc khoi tao thanh cac quaternlon (Bs) déc trung cho hudng thye cua vat mang. Dau vao khdi thuat
toan dinh hudng 13 vécto van tbc goc tuyét ddi do duge nhd con quay va vécto van tbe goc cua Trai
dat. Huéng vat mang dugc xac dinh thong qua viée danh gia quaternion B. Két qua cua viéc xac
dinh quaternion By déc trung cho goc hudng vt mang duge dung dé so sanh véi dau ra tir khi tao
mau chuén Bg dé x4c dinh sai s «.

Mb hinh do khdi do vector van toc goc (Model IMU) duoc su dung tuong g voi so d6 khdi ¢
cong trinh [2]. Khi thyc hién khao sat anh huong cua chuyén dong rung lic dén d6 chinh xac thuat
toan ta khong dua sai sd ctia thiét bi do vao trong mé hinh do.

Pé xac dinh cac tu thé goc vat mang khéi thuat toan dinh hudng s& thuc hién giai phuong trinh
mo ta chuyén dong cua vat mang viet dudi dang quatermon sau:

~ . 1
a)f:a)f—(Bs)oa)gsoBs 25, =S, o5y .
Trong d6: ®? - Van téc chuyén dong tuyét ddi; o? - Van téc chuyén dong twong doi; Bs -
Quaternion dic trung cho chuyén dong twong d6i; B, - Quaternion dic trung cho chuyén dong trong
khong gian tuyét doi; S, - Quaternion dac truong cho vi tri h¢ thdng dan duong quén tinh; wg‘s = a)é -
Van tdc goc tuyét dbi ciia trai dat trong hé toa do dan duong.
Thuat toan giai phuwong trinh (1) c6 thé duoc viét dudi dang sau [3, 4]:
B, () =B, (0)> Ng(t) }
S| (1) =5,(0)=Ns(t)

01, Ng(t) va Ng(t) 1a cac toan tir quaternion thoa man phuong trinh, khi do:

Dit:

-1
NB=§NBoa)aB

2
o @
NS ZENS
01, Ng(0)=1, Ng(0)=1, ¢ day, 1 la quaternion don vi.
Khi roi rac phuong trinh (2), ta nhan dugc:
Bl =Bl Nal, = 2 Ngl, oo Nl 3)

S||m :S||m—lo S|m

Véi, NB|m , NS|m - Quaternion cac nghiém cta phuong trinh (2), ma ta c6 thé xem n6 1a do dich

°N | Ngl, oo Ng|_
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tuong Ung cua cac quaternion S, |m—1 B, |m—1 va ching xac dinh vi tri hién thoi ctia hé toa d6 dan
dudng va vt mang trong khong gian tuyét dbi. Quaternion vi tri trong dbi B theo thoi gian hién tai
viét dudi dang truy hdi co dang:

Bsf, =S, OOBI|o’BS|1=NS

loBS|OONB|1""’BS|m:NS‘mOBS|m—lONB|m (4)
o ,(m=1,2,3,...), dugc tinh khi

gia tri ban dau da biét — quaternion B |m—1 va tinh dugc lugng thay doi cac quaternion Ng |m Ng |m .

Nhu vay, vi tri twong ddi hién tai ciia vat mang — quaternion B

Qué trinh tich phan ta str dung phuong phép tich phan 4n. Khi xp xi theo doan cho van tc goc
trén moi khoang rdi rac ta cé

t.

1 1

N; =N, +E J. N (r)oa)lc(r)dr;r+%(l+ Ni)oa),C

1 4
Ni=(1+ﬁw.°}(1—ﬂwf) ,Ni=(1+vei]o( —V—Hij )
4 2 4 2

Vo = I @’ (7)dz 1a vector quay biéu kién (tin hi¢u dau ra cua thiét bi do van toc géc sau mdi
lig
khoang roi rac).

Suy ra

Tich phan phuong trinh chuyén dong kéo theo dugc thyuc hién véi van toc bién ddi cham a)gs
trong mdi khoang rdi rac ¢6 thé dugc thuc hién bang phuong phap giai tich hodc phuong phap so.

Khi van tdc chuyén dong kéo theo gan nhu khéng ddi viéce tich phan dwoc tién hanh theo phuong
phap giai tich. Khi d6:

A2 AR V2SN VATS R V2V VYRR OV oV
S|, =S| ,°(cos L Xlssm L Xism L X?;sm Ly
m - 2 Vy 2 Vy 2 Vy 2
VyS @
VXS = a):S (tm _tm—l); Xs = :S
VX m |a)aS m
OV Yy V. ‘
Ng| = cosv—x, Xisinv—x, Xzsinv—x, z’sinv—X
m Vy 2 Vy 2 Vy 2

3. MO PHONG PANH GIA ANH HUONG RUNG LAC
PEN SAI SO XAC PINH GOC TU THE VAT MANG

Tiép theo ta s& thyc hién mo phong danh gia anh huéng rung lic dén sai s6 dinh phuong khi lay
tau bién dugc 1y lam vat mang. Dé khai tao tin hiéu chuyén dong goc cta tau bién ta st dung céc
dir liéu thong ké thu dugc trong thuc nghiém trude d6. Voi tau bién, ham twong quan va phd chuyén
dong rung lic cta no ¢ thé viét dudi dang [1, 2, 5]:
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4o’ E? 4o’ awt

(0F —0*)? + 450" - (0F - 0*)? + b’ 0’

S(w) =

~ 200 Ja 2005 Ja ©
- (ja))2 +2aja)+a)f '(ja))z —2aja)+a)?
R(z) = 0% (Cos(ﬂr)+%sin(ﬁ|z-|)) )

Véi: o? - Phuong sai goc lic; o = oy - HE s6 dic trung d6 khong diéu hoa chuyén dong lic tau,

a«[l—fz

S - Dic trung cho tn sb lic khong didu hoava f=-——2—

4
Tir cong thirc (6) cho ta thay, dé khoi tao tin hidu voi phd S(w) co6 thuc hién bing cach cho tin
hiéu tap tréng qua bd loc tao hinh bac hai. Phuong trinh cua b¢ loc tao hinh bac hai dudi dang
phuong trinh trang thai c6 dang:

X =Ax+Bu g
y=Cx ®)
Vi
0 1 0 10
X= & ; A= ) ,B=l ,|,C= .
X, -0; —2a oFr 01
Dé khoi tao tin hiéu ta viét phuong trinh (8) ¢ dang roi rac nhu sau:
X = A X4 B ,u(t)
{ e ©)
Yie=UX

O day, tin hiéu u(t) 14 tin hiéu nhay bac theo gia tri ngau nhién u(t) — u,,=const,k=123,..

2a 1
—— -1
A, =eM A=(t —-t,),B, =" -AT'B, At=| of of |, AlB{o }
1 0

Thuc hién md phong cac goc tu thé ctia vat mang thay ddi khi tau ddi hudng theo quy luét sau:
W,q (1) =0,07sin(0,01t); S, (t) =0,1sin(0,02); y,4(t) =0,12sin(0,05t)

Kh("y’i tao cac tin hiéu rung lac ng?lu nhién cua tau ta 1:'?iy céc tham s cua b loc tao hir}h voi cég
tham s6 nhu nhau d6i véi cac goc hudng, goc ta va goc lac quanh truc doc. Trén hinh 2 thé hién pho
rung lac voi cac tham so cta bd loc tao hinh khac nhau. Trong 4o, duong S; mau xanh thé hién pho
tin hiéu rung lic tau c6 dai rong hon nhiéu so véi phd ¢ dudng S,. Ta s€ nghién ctru, khao sat anh
hudng cua dai phd rung lic dén d6 chinh xac thuat toan dinh phuong.

quf:t qu’é mo phong danh gia do chinh xac thuat toan dinh phuong khi ¢ tac dong rung lic véi cac
pho tan sb S;va S,dugc thé hién trén hinh 3. O day, dudong L thé hién sai s6 thuat toan dinh phuong
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khi dai pho rung lic rong (S;) va L, thé hién sai s khi dai phd hep (S, ). Vi két qua nay, ta thay rd khi
dai phd rung lic tau bién rong s& 1am cho sai s6 thuét toan dinh hudéng ting manh.
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Hinh 2. Phé tin hiéu chuyén dong rung lac véi thoi gian roi rac At =0,01s;
S, — Phé tin hiéu rung ldc véi hé sé bé loc tao hinh o*,; =1; B, = 2; @y, =3;

S, — Pho tin hiéu rung lac v6i hé s6 bg loc tqo hinh o, =1; ,=0,2; w,, =0,3.
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Hinh 3. Sai s6 thudt todn dinh phirong véi thoi gian roi rac At =0,01s;
— V&i hé s6 b loc tao hinh o> =1; =2: w, =3:;L,— Khivit mang khéng c6 chuyén
174 174 fy g g Ly
dong rung lic; L, — Voi hé 50 bo loc tao hinh O'VZI =1; 'Bu/ =0,2; @y, = 0,3.

4. KET LUAN

Trong bai bédo dua ra so d0 mo phong xac dinh sai s6 thuat toan dinh phuong. M6 ta va phan tich
cac dic diém cua cac khéi chice nang trén so d6 mo phong. Trong do, khéi khoi tao tin hiéu chuyén
dong ngau nhién cua vat mang duoc khai tao nho cac bo loc tao hinh. bé thay ddi dic tinh phé rung
lic khéi tao ta thay dbi cac tham s6 bo loc tao hinh. Thuc hién mé phéng danh gia d6 chinh xac thuat
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toan dinh phwong véi phd chuyén dong rung lic cta tau bién véi cac tham sb théng ké cho trude.
Két qua mo phong cho ta thiy, véi dai phd rung lic tau ting s& lam giam manh do chinh xéc thuat
toan dinh phuong.

Viéc khao sat do chinh xac thuat toan dinh phuong dwa ra cho phép ta cé thé khao sat anh huong
rung lic véi cac vat mang khac nhau. Ket qua danh gia nay giup cho nha thiét ké hé thng dan duong
dua ra cac tham s6 ky thuét yéu cau vé tan so xuét thong tin ctia con quay do tc do goc ciing nhu
thoi gian 1dy mau yéu cau.
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ABSTRACT

EVALUATION OF THE INFLUENCE OF VIBRATIONAL MOTION OF CARRIER
ON THE ERROR OF THE ORIENTATION ALGORITHM BY SIMULATION METHOD

The article studies a method to evaluate the influence of the vibrational motion of carriers
on the error of the orientation algorithm. Describe the function scheme of evolutional
algorithm error of the simulation model. In which the signal angular motion of the carrier is
divided into deterministic motion and random motion. The random motion signal is generated
using a shaping filter. To determine the orientation of the carrier, we use the orientation
block. In this block, the differential equation is solved using the method of implicit integration.
To evaluate the error of determining the attitude of the carrier in the determination block,
compare the quaternions obtained with the quaternion defined by initial Euler angles. Ships
are taken as carriers with predefined statistical characteristics to conduct the survey.
MATLAB software is used to perform simulations to evaluate the effects of vibrational motion.
Simulation results show that when the vibration spectrum is wide, the error of orientational
determination increases significantly.

Keywords: Directional angle; Dynamic equation; UAV vibration; Strapdown Inertial Navigation System (SINS); Random
vibration.
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