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UGC LUGNG CAC THAM S6 ON DINH VA DIEU KHIEN CUA MAY BAY
TU DU LIEU BAY THU NGHIEM

NGO PINH TRI, LE THI MINH NGHIA
Vién Khoa hoc va Cong nghé tinh todn Tp. Ho Chi Minh

Abstract. Purpose of this paper is estimating aircraft stability and control parameters from flight
test data by using two methods: Equation Error and Maximum Likelihood. A Matlab program
is written for simulation studies in 6 degree-of-freedom nonlinear Aerosonde unmanned air vehicle
model. The paper also presents advantages and disadvantages of each method. Flight test control
inputs are conventional 3-2-1-1 square wave inputs and optimal inputs obtained from Bellman dy-
namic programming. Aerosim blockset is used in flight simulation with pseudo measurement noises
to reduce the gap between pseudo flight data & real flight data.

Tém tat. Muc dich ciia bai bdo nay & wéc lwong (nhan dang) céc tham s6 6n dinh va dieu khién
clia may bay (MB) tir dir lieu bay thir nghiém bang 2 phuong phép: Equation Error, Maximum
Likelihood. Chuong trinh wéc luong cdc tham s6 MB duoc viét bang MATLAB va duoc kiém
nghiém trén MB khong nguoi 141 Aerosonde phi tuyén 6 bac tur do. Bai bdo ciing trinh bay nhirng
wru nhurroc diém cila tirng phurong phép dwoc nhan dang véi céc tin hiéu diéu khién bay thir nghiém
cho duéi dang xung vuong 3-2-1-1 kiéu truyén théng va dang t6i wu diing phirong phap qui hoach
dong Bellman. Blockset AeroSim ctia MATLAB duoc stt dung véi cdc tin hiéu nhiéu do dé tao ra

dir lieu bay gia cung cap cho churrong trinh.

1. GIOI THIEU CHUNG

Nhan dang hé théng la mot trong 3 van deé 16m ciia dong luc hoc va diéu khién may bay.
Né c6 thé dwoc thue hién bang mot trong 3 cach sau hosic két hop : thi nghiém trong ong
khi dong (ham gié), tinh todn s6 dong luc hoc Iwu chat (CFD-computational fluid dynamic),
tinh tir dr liéu bay thir nghiém

C6 rat nhiéu phwong phép dé nhan dang hé thng MB tir dit liéu bay thit nghiém. Trong
bai bdo nay trinh bay 2 phwong phdp nhan dang hé thong thwomg dwoc sit dung nhiéu nhat
trong hang khong. Phuwong phdp thit nhat la Equation Error (EE), dya trén ky thuat binh
phwong cuc tieu sai s6 wéc lrong. Phwong phap thit hai la Maximum Likelihood (ML). Theo
Iy thuyét thi phuwong phap ML t6t hon phwong phap EE. Tham s6 wéce lwong thu duwoc 13
tiém can khong phan cuwe, duy nhat nghiém. Tuy nhién, phuwong phép nay tén nhiéu thoi
gian vi can phai thuc hién céc phép lip va tat cd cic phwong trinh chuyén dong ciia MB déu
dwoc st dung cliing ldc. Trong mot s6 truomg hop, sai s6 cia phép do, sai s mé hinh, dir

*Bai bso duge hoan thanh véi s hé tro kinh phi tir chwong trinh nghién ctru co ban ciia Viét Nam veé khoa hoc

tw nhién.
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lieu khong du ¢é thé lam gidm wu thé cia phuwong phap ML so véi EE.

Muc dich cta bai b4do nay 13 moé hinh héa, tinh cdc tham s6 on dinh va dieu khién cia
MB tir céc dit liéu bay thu dwoc bang hai phwong phap EE vi ML. Chuwong trinh tinh dwoc
kiem ching trén MB khong nguoi 14i Aerosonde. Day 1a MB khong nguoi 14i rat noi tiéng
trén thé gidi, da bay vwot Dai Tay Dwong trong khodng thoi gian 27h. Céc tham s khi dong
lirc hoc on dinh va diéu khién thuic ciia mode ngang ciia Aerosonde.

Bdng 1. Céc tham s6 khi dong lwc hoc 6n dinh va dieu khién ciia Aerosonde

Cybeta | -0.83 Clbeta | -0.13 Cnbeta | 0.0726
Cyp 0 Clp -0.5051 | Cnp -0.069
Cyr 0 Clr 0.2519 Cnr -0.0946
Cyda -0.075 | Clda -0.1695 | Cnda 0.0108
Cydr 0.1914 | Cldr 0.0024 | Cndr -0.0693
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Hinh 1. So d6 nhan dang hé théng may bay

2. MO HINH HOA MB

Hé phuwong trinh phi tuyén cia méay bay (MB) trong hé toa d6 gan véi may bay (body
axes system)

e Phuong trinh luyc

q T

u:r’u—qurﬁCz—gsin@Jr—, (1a)
m m

. q5 .

U= pw —ru+ —Cy + gcosfsin g, (1d)
m

. qS .

U =qu—pv+ —C, + gcosfsin ¢, (1c)
m

¢ Phuong trinh moment
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Lo: . aSb I — 1, I,

;o2 i 2
Ty e ety S U S 14 (2a)
. qu Iz — Iz Izz 2 2 IP
q— —F—Um — per_(p _T>+_QT7 <2b>
1y 1y 1y L, "
Lo. qSb . I,—I, I, I
ey 80 2y 2 g, 2
P b= 0 R AL (2¢)
e Phuong trinh Euler
® = p + tanb(gsin ® + r cos ), (3a)
0= qcos® —rsind, (3b)

. gsin® +rcos®
Y= :

cos b

¢ Phuong trinh quy dao bay

&N = ucoscos p+v(— cos P sinp+sin ® sin 0 cos ) +w(sin® sin+cos P sin 0 cos ), (4a)

&g = ucosfsiny+uv(cos P costp+sin P sinfsin ) +w(—sin P sin) +cos Psinfsin)), (4b)

h = using — V sin® cos 6 — wcos ® cos b, (4b)

trong dé (u,v,w) la cidc thanh phan van toc cia MB trén céc truc toa do Oxyz. (p,q,7) la
cac van toc géc clia MB so véi céc truc @, y, 2(®, 0,1) la cdc gbc Euler cia MB so véi hé
qui chiéu NED (North-East-Down). T 1a lwc day cia dong co MB, Q, 1 téc do quay cia
dong co, m la khéi lwong cia MB, g la gia toc trong truong, I, Iy, I, I, 14 cAc méomen quén
tinh khoi lwong cia MB. S, ¢, b lan lwot 1a dién tich cdnh, day cung canh, sii canh cia MB.
Cx,Cy,Cz,Cy, Cphp, Cp 1a céc hé s6 luwe va moment khi dong tdc dung léen MB. Céc hé s6 vo
thit nguyén nay dwoc viét duéi dang hé phwong trinh tuyén tinh véi cic hé s6 dao ham khi
dong
(Cmq, Cng, Cn,...) sau

Cx = Cx, + Cx,a+Cx,, 05 + Cx,, + 5o Ve (CX +Cx,q) + Cx,, M, (5a)
Cy = Cy, + Oy, 8+ C, VTJrCyéT(S()ﬂL’Uy, (5b)

Cz =Cgz +Cz +Czéf(5f +Cz,. 0 + — 5y (CZ +Czqq) +Cz, M, (50)
Cm = CmO + O 0+ Cmaf(sf + Cmae(Se + L<Cg; + Cmqq) + CmMMY <5d>

2Vo
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b b
& :Clo JrClﬁﬂJrCpo—%erClTQ—%TﬂLCléa(sa+’Ul, (56)
b b
Cn = Cng + CnyB+ Chp sz + Cpp s + Oy 00+ Ciy 0r + vp (5f)

P2Vh "2V

3. NHAN DANG MAY BAY

3.1. Phwong phap Equation Error (EE)

Uéc lwong binh phwong cuc tieu

Mobi phuwrong trinh (5) c6 thé dwogc viet lai nhu sau
y =0+ Zeﬂﬁj, (6)
j=1

trong d6 y 1a ngd ra phu thudc (hé s6 lyc/moment ), ¢; la céc bién doc 1ap hay con goi la céc
phan tit hoi quy (bao gom trang thai, tin hiéu diéu khién), € 14 tham s6 ctia mo6 hinh MB.
Ngo ra phu thudc y thu dwoc khi tién hanh bay thir nghiém bi nhiéu do thiét bi do nén (6)
dwoc viét lai duéi dang sau

—90+Z b+ (), i =1,2,.., N (7)

trong d6 z(i) 1a ngd ra do dwgc & cic thoi diem 1ay mau i, v(7) 14 nhiéu do. Gid thiét rang
cdc bién doc lap v; (hay con goi la ngo vao) dwge do ma khong ¢é nhiéu. Nhu vay tir ngd
ra/ngd vao da biét ta ¢ thé xdc dinh duge céc tham s6 #; cia hé thong MB bang phwong
phép binh phwong cuc tiéu.

Ta ki hieu z = [2(1)2(2)...2(N)|T, 0 = [0, 01, ..., 0.)", X = [1p1..00N], v = [v(1)v(2)...0(N)]T,

(7) duge viét lai nhw sau 2 = X6 + v. (8)
Tir (8) ta ¢6 wée lwong céc tham 6 0 = (XTX)1xT2, 9)
Ma tran twong quan cia wéc lwong 0 1a

Cov(0) = E[(0—0)(0 — )T = o(XTX) 1, (10)

trong dé o2 14 phuong sai cia nhiéu do v. Gid tri can bac hai ciia dwong chéo chinh cia ma
tran twong quan Cov(0) cho ta biét do léch chuan cia wéc lrong 0.
Hiéu chinh d6 léch chuén cia sai s8 khi c6 dnh huwdng cda cdc nhidu mau

Trong thurc t&, phan tich sai s6 wéc lwong ngd ra cho thay rang sai sé khong la nhiéu
trang nhw da gid thiét trong phwong phdp EE ma 14 nhiéu mau. Deé hiéu chinh léch chuan
cla sai s6 khi ¢6 anh hwdng cia cdc nhiéu mau, bicu thitc covariace cia sai s6 sau day dwoc
str dung

N

Cov(0) = (XTX) 1Y)

=1 7

Ry (i = " (HIXTX) (11)

'MZ

1

trong d6 R,, 13 ma tran tu twong quan cia vetor sai s6 ngo ra
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Ryo(k) = = > 0" (i + k) = Ryp(—k), k=0,1,2, ..., (12)
i=1
Do léch chuan cia sai s6 cia tham s6 wée lwong, ¢é hieu chinh anh hwéng cia nhiéu mau,

bang can bac hai cdc phan tir dwomg chéo clia ma tran covariance & (11).
Xac dinh cdu tric cda md hinh ¢é tham s6
Phwong phip SWR xéc dinh cau tric mé hinh c¢é tham s6 dwoc sit dung d€ nhan dang
MB. Y twdng cia phwong phip nay 14 dra vao twong quan gitra phan tit hoi quy Y; voitin
hiéu ngo ra z ma ta thém vao hay rit ra khéi cau tric ciia mé hinh MB. Hé s6 twong quan
gitta phan ti hoi quy t; v6i tin hiéu ngo ra
)~ Gl ~ 2
L=
! /55 Sz 7

Dé biét khi nao thi ngung viéc thém vao/rit ra cac phan tit hoi quy ; trong cau tric cia

i=1,2,..,n. (13)

mo6 hinh MB, nguyén Iy sau day duge ding: Cho hai mo6 hinh déu khép véi dir lieu vao/ra
va ¢6 cling phuong sai sai 6, chon mé hinh nao ¢é it tham s6 nhat.
3.2. Phwong phap Maximum Likelihood (ML)

Hé dong luc hoc MB dwoc mo t4 dwdi dang sau

&(t) = Ax(t) + Bu(t) + Byw(t)

y(t) = Ca(t) + Du(t)

2(i) = y(i) +v(i), i = 1,2,.... N

E[$<O>] — &0,

E{[2(0) — @ol[#(0) — @] } = Py,

Elw(t)] = 0,

E[w<tl>wT<tj>] - Q<t1>6<tl t])y

Elv(é)] = 0,

Elo(i)o"(j)] = R(i)dy;. (14)

Céc tham s6 khi dong Iirc hoc can wéc lirong ciia MB nam trong cidc ma tran A, B, B, C, D,
Py, Q, R.

Ham Likelihood cho chudi dit liéu ngd ra Zy = [2(1)2(2)...2(N)]T dwoc ki hiéu 1a L[ Zy, 0],

L[Zn, 0] = L[z(1), 2(2), ..., 2(N), 0]
- L[Z<N)7 EN—=1s e H]L[Z<N_ 1)|ZN727 Sy H]L[ZN727 0]
= Y L[2(3)| i1, 6] (15)

L|Zy, 6] chinh 134 ham mat do xdc suit c6 dieu kién cia z khi @ dwoc cho trude. Ta di tim 6
so cho xéc suat xdy ra z la cuc dai, nghia 13 mo td ding dép tng vao/ra cia hé thong MB.
Vay, ta cé

0 — mng[ZN,H]. (16)

Gidi thuat Newton-Raphson cai ti€n
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C6 rat nhieu gidi thuat d€ gid quyét bai toan t6i wu cé rang budc & trén, song phuwong phap
Newton-Raphson cdi tién dwoc st dung nhiéu trong thue té. Giai thuat Newton-Raphson cai
tién cuc tiéu héa ham muc tiéu log-likelihood am (J = —log L) bang céch dung ky thuat
relaxation. Nghia la wéc lwrong ma tran covariance cia tin hiéu nhidu R khi cho truée 6y, sau
dé c6 dinh R va di cue tiéu héa ham muc tieu theo 6. Budc tiép theo khi tim dwoc 0 cue
tiéu héa ham muc tiéu, ¢6 dinh 0 va cap nhat lai gid tri R. Nhuw vay chi ¢6 mot trong hai s6
hang 6 va R dwoc hiéu chinh, s6 hang con lai giit ¢& dinh. Hai buée nay duwoc lip di lap lai
nhiéu Ian cho téi khi nao théa man dieu kién hoi tu

0 16— 001

e

J(Or) — J(0p_1)
J(0r_1)

iif)
(o

iv)

< 0,001,

ii)

< 0,001,

<0,05¥4, j = 1,2,...n

(755)k = (Pj)k—1

i)k < 0,05,¥7, 1=1,2,...,n. (17)
Jilk—

Do chinh xac cia tham s8 wéc lwgng bing phuong phap ML

~ ~ . ~ .~ ~ s ’ ~ ~ ~ .
Do méi quan hé phi tuyén gitra ngo ra véi cdc tham so MB, nén ma tran covariance cua
~ 7’ ~ D s . ’ ~ ’ .
tham s6 wée lwong chi xap xi gigi han dudi cia covariance cia céc tham s6 wée lwong. Boi
~ ’ ~ @ e
vay ta c¢6 bat dang thitc Cramer-Rao

Cov(6) > M, (18)

M 1 . dwoc xem la binh phwong giéi han Cramer-Rao ciia sai s6 wéc lrong. Bang nhiéu thue
nghlem nhan dang tham s6 MB, ngudi ta thiy rang, giéi han Cramer-Rao danh gié rat tot
do léch chuan cia sai s6 clia cac tham s6 wée hrong. Qud trinh hiéu chinh dé léch chudn cia
sai 56 khi c¢é dnh hudng ciia cac nhieu mau twong twr nhw trong phwong phép EE.

4. THIET KE TIN HIEU THU DE NHAN DANG

Muc tiéu cia thiét ké tin hiéu thi 14 tdc dong lén hé thong dong lwc hoc cia MB sao cho
dir liéu bay chita dd thong tin can thiét cho viéc nhan dang mot cdch chinh xdc, théa man
cic rang buoc trong thue té (bién do, nang lirong, pho tin s6, toc do ddp ing cia servo). Dé
dir litu bay thu dwoc giau thong tin thi tin hiéu ngd ra nén bién déi nhiéu theo thoi gian,
lic dé dic tinh khi dong lwc ciia MB dwroc thé hién nhiéu nhat. Dé thue hién dwoc dieu nay
thi tin hiéu dieu khién nén dat cdc gia tri cdc gid tri cuc dai, cuc tiéu. Tin hiéu xung vudéng
thich hop véi yéu cau nay, lic dé bién do cia tin hiéu dieu khién s& la toan am hodc toan
dwong trong mot khodng thoi gian thit nghiém. Trai qua rat nhiéu chuyén bay thir nghiém,
tin hiéu diéu khién truyén thong dwoc st dung 14 xung vuéng 3-2-1-1 cho thay wu diém hon
céc loai tin hiéu dieu khién khéc. Ngoai ra ta con c¢é thé sit dung tin hiéu thit t6i wu dwoc



262 NGO PINH TRI, LE THI MINH NGHIA

thiét k& bang qui hoach dong Bellman dé nhan dang hé théng, van dé nay dwoc trinh bay
chi tiét trong tai lieu tham khdo [1].

5. KET QUA TINH TOAN

5.1. Qua trinh thu thap dir liéu bay

Dt liéu bay gia dinh cia MB dwoc thu tir chwong trinh mé phéng bay, véi mo hinh phi
tuyén cia MB Aerosonde. Céc dir lieu do duoc sé dugc cong thém nhiéu do, gid thiét cic
trang thai déu do dwoc. Nhiéu do la mét chudi cdc s6 ngau nhién cé phan bé Gauss, trung
binh bang 0, variance cho truéc. Trong bai bdo nay ding cic cap do nhiéu do 1a 2%, 5% va
10%. Céc théng tin vé nhiéu do nay khong dwoc dwa vao chwong trinh nhan dang, dé dam
bao khach quan la dir liéu bay gan véi thue té.

5.2. Tin hiéu diéu khi€n bay thi nghiém

Tin hiéu diéu khién bay thir nghiém I tin hiéu xung vuéng 3-2-1-1. Céc be mat diéu
khién bi thay déi dé tao ra dit lieu thir nghiém 13 aileron va rudder, cdc bé mat diéu khién
con lai dwoe duy tri khong déi nhw trong lic bay bang. Muc dich la dé x4c dinh cdc tham
s6 cia cic mode ngang (lateral modes). Tan s6 cla céc tin hiéu diéu khién (aileron,rudder)
phai gan hoiic bang cdc tan s6 tu nhién cia cdc mode trén dé tao ra dit liéu bay hiéu qua,
gidu thong tin nhat. Trwéc tién ta thay doi tin hiéu rudder (dang xung vuéng 3-2-1-1) c6 tan
s6 gan véi tan s6 ciia Dutch-Roll dé tao ra mode dong luc hoc nay. Sau dé, thay déi tin hiéu
dieu khién aileron (xung vuéng 1-1) ¢é tin 86 gian véi tan s6 clia mode Roll (hinh 2). Bieu
chinh bién do cta cdc tin hiéu dieu khién sao cho thda man cic gigi han dap tng ngd ra (19).

Tan s6 cila cic mode ngang cila MB Aerosonde:

Dutch-Roll : f_dr = 0,915;T_dr = 1, 0927s,

Roll-Subscidence: f_r = 0,3135;7T.r = 3, 1894s.

8] < bdeg; [p| < deg/s; |r| < 30deg/s;|¢| < 30deg; |ay| < 0,15g. (19)

X 10 Power Spectral Density (Rudder)

T T T T T

o

power spectrum
- N

15 2 25 3
frequency (Hz)

o
o
3]
-

X 10 Power Spectral Density (Aileron)
E 4 //\\ T T T T ]
; 2 / \\ 1
=N

0 0.5 1 15 2 25 3

frequency (Hz)

Hinh 2. Ham mat do phé cia rudder va aileron diung trong bay thir nghiém
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Tir hinh 2 ta thay tan s6 wu thé cia céc tin hiéu diéu khién rudder va aileron gan véi tan
s6 tu nhién cia MB (f_dr = 0,915; for = 0, 3135).

5 5
— =)
2 R g L Nl
-0 / g0 \/ Y )
= [ g
.5 o -5
0 5 10 15 20 0 5 10 15 20
]
— 2 —~ 20
2, g Ol
T o0 2 A A
5, | g Ll VI
. Ul . ’
0 5 10 15 20 0 5 10 15 20
0.1 ﬂ 20 i
2
@ N /\ M N\ I > {\ A A\
2 oY A A Y
-0.1 T .20 | Y
0 5 10 15 20 0 5 10 15 20
205
.20
€ 53
= 200 S 0 J—
© = T
¥/ = 20
195
0 5 10 15 20 0 5 10 15 20

Hinh 3a. Dép trng ciia MB khi tin hiéu diéu khién 14 céc xung vuong 3-2-1-1

Optimal Input and Output Variables for Lateral Maneuver
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A e e . 2z . A B oA .
Hinh 3b. Dap ting ciia MB khi tin hiéu diéu khién toi wu

ay(9)

<
Rt
=
g
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Tinh cédc tham s cia CY

Néu dung phwong phép binh phwong cuc tieu théng thwong ta c6 két qua sau (hinh 4,
béng 2)

Equation-Error Parameter Estimation

008 , , Bdng 2
0.06 —_ ght cata Parameter  Estimate 5td Error % Error
’ Y regression model
| M0 55 e
/
, 0oz ’I A\ // \\ /\ CYbeta -8.792e-001 1.237e-004 0.0
° o \ I (VARSI \pl \/ P Cyp 1.268=-004  4.381e-004 345.6
202 v /v Cyr -4.776e-004  2.366e-004  49.5
oo Cvda -7.464e-002  1.383e-004 0.2
T 4 s 8 1 12 14 1 1 2 Cvdr 1.912e-001  B8.197e-005 0.0
CYo -1.206e-003  8.296e-007 0.1
x10°
1
05 Bdng 3
[N aA A~ N \ o Parameter Estimate 9td Error % Error
_ VWY VVIYLWN Y
e e A A e S
8 . pl( 1) -8.793e-001 6.198e-003 0.0
s pl{ 2 ) -7.470e-002 3.7158e-005 0.1
pl{ 3 ) 1.912e-001  7.BBY9e-005 0.0
2 2 4 6 8 10 12 14 16 18 20 pl 4] -1.204e-003 6.44Ae-007 0.1
time (sec)

Hinh 4. Két qua wéc lwong ngo ra CY clng véi sai s0

Ta thay sai s6 clia do léch chuan so vé&i gid tri wée lwong clia céc tham s6 Cyp, Cyr la rat 16n
(345,6 va 49,5%). Dieu nay cho thay cdu tric mé hinh toan tinh dwoc khong chinh xdc. Deé giai
quyét dieu nay ta ding phwong phap SWR dé tim ra cdu tric mé hinh toan chinh x4c hon. Két
qua dat dwoc cho trong bang 3, trong d6 p(1) = C'Y3,p(2) = Cysa, p(3) = CYs,, p(4) = Cyp.
Twong twr ta ding SWR d€ tim céc tham s6 wéc lwong cia Cl, Cn.

Do phuong phdp EE stt dung céc phwong trinh dé wéc lwrong mot cich riéng ré nén ngd
ra wée lwong dwoc chi ding cho phuwrong trinh ding dé tinh. Xem xét sai s6 cia céc tham s6
wée lwong so véi tham s6 thue trong bang 6, ta thay, mic di véi gid thiét tin hiéu do dwoc
khong c¢é nhieu, cdc tham s6 wée lwong thu duwoc van thiéu chinh xéc so véi tham so thue
trong bang 1. Bd&i vay, phwong phap EE chi nén diung dé wéc lwong céc tham s6 diing lam
dir liéu ban dau cho phwong phap ML, ho#c néu s6 mau di liéu 1én thi phwong phap EE méi
¢6 thé cho két qua tin cay duoc.

Tinh bing phwong phap ML

st — [CYgClgaCn(;rC’lﬂClpCerl(;aCl(;rCnﬂCannrC’n(;aCn(;r]T. (20)
Tin hiéu ngo ra: y = [ p r ¢ a,] chiu cic nhieu do cip do 2%, 5%, 10%.
Trang théi: @ = [uvw ¢ O p qr xg an h Q my|.
Gid tri wéc lrong ban dau dé thuc hién chwong trinh nhan dang bang phwong phap ML

thu dwoc tir cdc tham s6 wée lwong bang phwong phap EE & trén.

Nhiéu do cap 2%
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Sau 14 Ian lap, thoi gian khodng 5 phut, ta thu duwoc wéce lwong cia tat ca cdc tham so

Output-Error Modeling

-
Vn ~ _\’_J/\/\v. v
N N
g ~ | v
AN
\/

haVAR

s \
/\ /N N
heY) ~ \Va 4
2 4 8 10 12 14 16 18
time (sec)

20

Parameter

Cldr
Cnbeta
Cnp
Cnr
Cnda
Cndr

1
-1
=t

9

=

Bdng 4

Estimate

.282e-001
.112e-002
L026e-001
.287e-001
.048e-001
.940e-001
.6B%e-001
.415e-003
.112e-002
.31%e-002
22ze-002
.318e-003
G18e-002

Hinh 5. Két qua wéc lwong ngo ra (stdv = 2%)

[ N L B R B T et R N I N

Std Error
.528e-003
.469e-003
.196e-003
.015e-003
.004e-003
.295e-003
.034e-003
.614e-004
.940e-004
.114e-003
.251e-004
.445e-004
.244e-004

[ T P e B S = T S s Y s Y e e O e =1
[T R o N Y S O I s Y o T T O B L7 )

Trong dé Error 1 sai s6 gitta do léch chuin(Std Error) va tham s6 wéc lrong (Estimate).

Cls, c6 sai 6 1én do gia tri cla né rdt nhéd va khong quan trong trong moé hinh todn hoc

ctia MB. Thong thudomg khi thiét ké MB, rudder déng vai tro tao ra yawing moment nén roll

moment do né tao ra rat nhd, bdi vay tham s6 dao ham rolling moment theo rudder (Cls, )

khong dang ké. Twong tuw cho Cnsg,,.
Nhiéu do cap 10%

Sau 15 Ian lap, thoi gian khodng 5 phut, ta thu duwoc wéce lwong cia tat ca cdc tham so

cla mode ngang nhu sau (hinh 6, bang 5).

ay (g)

beta (rad)

1 (rps) p (rps)

phi (rad)

o
[

o
o

o
N

-0.2
0

Output-Error Modeling

o

N i g J—=]

\j \MV i
Wik [rorhy

i L) v

Ve \»J hd o Ww i s

patpiattt il =
A o

Nl T

2 4 6 8 10 12 14 16 18

time (sec)

20

Hinh 6. Két qua wéce lwong ngo ra (stdv = 10%)

Bdang 5
Parameter Estimate 5td Error
Ctbeta  -B.370e-001  1.435e-002
CYda -8.271e-002  7.51le-003
Cydr 1.858e-001  1.455e-002
Clbeta  -1.341e-001 3.417e-003
Clp -5.127e-001  7.087e-003
Cle 2.622e-001  B.04Be-003
Clda -1.736e-001 2.597e-003
Cldr 3.244e-003  3.741e-003
Cnbeta 7.237e-002  9.769e-004
cnp -6.670e-002  3.452e-003
Cnr -9.405e-002  2.39Be-003
Cnda 1.132e-002  1.111e-003
Cndr -£.891e-002  1.115e-003

% Error

Oh @ On B L L tn 2 = N
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Bdng 6. Cac tham s6 MB uwéc lwong duwroc bang 2 phuwong phap EE & ML (xung vuong)

s . Maximum Likelihood (Aerosonde_lat datal.mat)
quare Inputs Equation Error
stdv = 2% stdv = 5% stdv = 10%
parameter | U | “Vatie.” |peviaion| 06y | Vaiue | STV [E™7 Ve |Deviation|=™1 value | STOV. [ETOr
CYbeta -0.8300 | -0.8793 | 6.20E-05| 5.9 | -0.8282| 2.53E-03| 0.2 | -0.8278| 6.47E-03| 0.3 | -0.8370| 1.43E-02| 0.8
CYda -0.0750 | -0.0747 | 3.76E-05| 0.4 | -0.0711| 1.47E-03| 5.2 | -0.0719| 3.68E-03| 4.1 | -0.0827| 7.51E-03| 10.3
Cydr 0.1914 0.1912 | 7.89E-05| 0.1 | 0.1926 | 2.80E-03| 0.6 | 0.1824| 7.68E-03| 4.7 | 0.1858 | 1.45E-02| 2.9
CYo 0.0000 0.0000 | 6.45E-07] 0.0 | 0.0000 | 0.00E+00| 0.0 | 0.0000 | 0.00E+00] 0.0 | 0.0000 | 0.00E+00]| 0.0
Clbeta -0.1300 | -0.1543 | 6.96E-04| 18.7 | -0.1297| 1.01E-03| 0.2 | -0.1303| 1.52E-03| 0.2 | -0.1341| 3.42E-03| 3.1
Clp -0.5051 | -0.5020 | 1.96E-03| 0.6 | -0.5048| 2.90E-03| 0.1 | -0.5023| 4.02E-03| 0.6 | -0.5127| 7.09E-03| 1.5
Clr 0.2519 0.2518 | 1.66E-03| 0.0 | 0.2540 | 2.29E-03| 0.8 | 0.2514| 4.07E-03| 0.2 | 0.2622 | 8.05E-03| 4.1
Clda -0.1695 | -0.1709 | 5.75E-04| 0.9 | -0.1689| 1.03E-03| 0.4 | -0.1682| 1.41E-03| 0.8 | -0.1736| 2.60E-03| 2.4
Cldr 0.0024 0.0079 | 4.14E-04| 231.0| 0.0024 | 7.61E-04| 0.6 | 0.0019 | 1.48E-03| 20.3| 0.0032 | 3.74E-03| 35.2
Clo 0.0000 0.0000 | 1.54E-05] 0.0 | 0.0000 | 0.00E+00| 0.0 | 0.0000 | 0.00E+00] 0.0 | 0.0000 | 0.00E+00| 0.0
Cnbeta 0.0726 0.0767 | 6.27E-07| 5.6 | 0.0711| 2.94E-04| 2.0 | 0.0715| 4.66E-04| 1.5| 0.0724 | 9.77E-04]| 0.3
Cnp -0.0690 | -0.0690 | 2.22E-06| 0.0 | -0.0732| 1.11E-03| 6.1 | -0.0715| 1.71E-03| 3.6 | -0.0667| 3.45E-03| 3.3
Cnr -0.0946 | -0.0946 | 1.20E-06| 0.0 | -0.0922| 5.25E-04| 2.5| -0.0938| 1.31E-03| 0.8 | -0.0941| 2.40E-03| 0.6
Cnda 0.0108 0.0112 | 7.01E-07| 3.5 | 0.0093 | 3.45E-04| 13.7| 0.0099 | 5.33E-04| 8.7 | 0.0113| 1.11E-03| 4.8
Cndr -0.0693 | -0.0703 | 4.16E-07| 1.4 | -0.0692| 2.24E-04| 0.2 | -0.0694| 5.08E-04| 0.1 | -0.0689| 1.11E-03| 0.6
Cno 0.0000 0.0000 | 4.20E-09] 0.0 | 0.0000 | 0.00E+00| 0.0 | 0.0000 | 0.00E+00] 0.0 | 0.0000 | 0.00E+00| 0.0
Y6? 7.57E-06 3.45E-05 1.59E-04 6.42E-04
Bdng 7. Céc tham s6 MB wéc lwong diroc bang 2 phwong phap EE & ML (Tin hiéu t6i wu)
Optimal Inputs Equation Error Maximum Likelihood (Aerosonde lat_opt data2.mat)
stdv = 2% stdv = 5% stdv = 10%
Parameter ngﬁe Ca\l/c;l::ed gt:\‘/?ggg?] E(z;)c;r \Z ?L’e STDV | Error Vi?be STDV | Error \Z ?Lll'e STDV |Error
CYbeta |-0.8300] -0.8784 | 1.01E-04| 5.8 |-0.8254 |2.28E-03| 0.6 |-0.8323 |4.85E-03| 0.3 [-0.8180| 1.04E-02 | 1.4
CYda -0.0750| -0.0746 | 1.16E-04 | 0.5 |-0.0736 |[1.96E-03] 1.8 |-0.0755|5.24E-03| 0.7 |-0.0752 | 9.67E-03 | 0.3
cYdr 0.1914| 0.1910 | 1.42E-04| 0.2 | 0.1922 |2.24E-03| 0.4 | 0.1933 | 6.42E-03| 1.0 | 0.1753 | 1.27E-02 | 8.4
CYo 0.0000| -0.0008 | 1.68E-06 | 0.0 0 0 0.0 0 0 0.0 ] 0.0000 |0.00E+00{ 0.0
Clbeta -0.1300| -0.1516 | 1.75E-03 | 16.6 |-0.1307 [9.88E-04] 0.5 |-0.1294 | 1.98E-03| 05 |-0.1318 | 4.44E-03 | 1.4
Clp -0.5051| -0.4925 | 5.98E-03| 2.5 |-0.5109 [2.86E-03] 1.1 |-0.5040|5.73E-03| 0.2 |-0.5148 | 1.08E-02 | 1.9
Cir 0.2519| 0.2571 | 2.98E-03| 2.1 | 0.2515 |1.27E-03| 0.1 | 0.2500 | 2.52E-03| 0.8 | 0.2572 | 6.01E-03 | 2.1
Clda -0.1695| -0.1679 | 1.68E-03| 1.0 |-0.1708 [8.23E-04] 0.8 |-0.1687 | 1.72E-03| 0.5 |-0.1706 | 3.38E-03 | 0.7
Cldr 0.0024| 0.0095 | 9.79E-04 | 296.9 | 0.0008 |7.03E-04| 65.1 | 0.0005 | 1.47E-03 | 81.2 | 0.0047 | 3.48E-03 | 95.7
Clo 0.0000] 0.0002 |5.70E-05| 0.0 0 0 0.0 0 0 0.0 ]| 0.0000 |0.00E+00{ 0.0
Cnbeta 0.0726| 0.0767 | 1.26E-06 | 5.6 | 0.0716 |4.39E-04| 1.3 | 0.0708 | 7.99E-04 | 2.5 | 0.0708 | 1.63E-03 | 2.4
Cnp -0.0690| -0.0690 | 4.03E-06 | 0.0 |-0.0704 |1.48E-03] 2.1 |-0.0719 | 2.68E-03 | 4.2 |-0.0727 | 5.55E-03 | 5.4
Cnr -0.0946| -0.0946 | 2.25E-06 | 0.0 |-0.0935 [4.80E-04] 1.2 |-0.0926 | 9.41E-04 | 2.1 |-0.0926 | 2.06E-03 | 2.2
Cnda 0.0108| 0.0112 | 1.33E-06 | 3.5 | 0.0104 |4.56E-04| 3.9 | 0.0096 | 8.29E-04 | 10.8 | 0.0104 | 1.63E-03 | 3.3
Cndr -0.0693| -0.0703 | 8.90E-07 | 1.4 |-0.0690 [2.09E-04] 0.5 |-0.0685|4.17E-04| 1.2 |-0.0693 | 8.43E-04 | 0.0
Cno 0.0000] 0.0001 |1.71E-08 | 0.0 | 0.0000 |0.00E+00| 0.0 | 0.0000 |0.00E+00| 0.0 | 0.0000 | 0.00E+00| 0.0
Yo 5.15E-05 2.88E-05 1.50E-04 6.02E-04
% change 6 -17 -6 -6

Ghi chii: Yo? 14 tong binh phwong dé léch chuan (giéi han dwéi Cramer-Rao) tham s

wée lwong, diac trung cho do chinh xdc cia tham s6 wéc lwong. %change 1a phan tram thay

déi clia Yo? (tin hiéu dieu khién t6i wu) so véi Yo? (tin hiéu diéu khién xung vuéng). Error

N . ~ .z . ’ ya .z .
la sal s6 cla gid tri wéce luong so véi gia tri thuec.
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6. KET LUAN

Céc tham s6 wéc lrong cia mode ngang so véi gid tri thue dwoc tém tat trong bang 6
(tin hiéu thir thong thwomg), bang 7 (tin hiéu thit t6i wu). Can cit vao bang 6 va 7 ¢6 nhan
xét sau:

e Néu khong ké hai tham s6 khong quan trong da néi & trén (Cnsa, Cls,), cic tham s6 wéc
lrong c6 sai s6 so véi gid tri thue cia MB khi ding phuong phap Maximum Likelihood 13

STDV | Square Optimal
Inputs Inputs

2% <6,1% | <2,1%
5% <4,7% | <4,2%
10% <10,3% | <8,4%

Trong khi dé véi phwong phap Equation Error thi sai s6 16n nhat 13 18.7% trong diéu kién
khong c¢6 nhiéu do. Tuy nhién phuong phip EE dé sit dung, khong doi hoéi thoi gian chay
chwong trinh 16m, ¢6 thé dwa bai téan nhan dang phitc tap vé céc bai toan nhé, don gian.

e Trong khodng nhieu do cé cap do nhd hon 10% cdc gid tri do, phwong phip ML cho két
qua wéc lwong tot.

e Phuong phip EE thich hop dé nhan dang mé hinh tuyén tinh nhw (6). Phuwong phép don
gian, khong doi héi dung cdc phép lip, dé thuce hién cho tirng phwong trinh dong lwc hoc MB
riéng ré ma khong can phai gidi cing lic hé cdc phwong trinh cia MB. Nhw vay ta c6 thé
ché bai toan nhan dang phitc tap ra thanh nhiéu bai todn nhé don gidn hon. Nhwoc diém
ctia phwrong phap nay, thit nhat dé 1a chi thich hop cho mé hinh tuyén tinh, thit hai dé 1a gia
thiét cdc phan tit hoi quy (trang théi, tin hiéu diéu khién) do dwgec ma khong cé nhiéu. Tuy
nhién trong thuc té cic bién trang thai do duwoc thuong bi nhiéu (vi du géc tan cia mdy bay
do dwoc c6 nhieu rat 1ém), dan dén viéc tham s6 wéc lwgng bi phan cue. Song, néu sit dung
dung cu do t6t va tién hanh do mét cich can than thi vdn dé trén trd nén khong dédng ké.

e Phuong phap Maximum Likelihood thich hop dé nhan dang moé hinh ma tin hiéu ra cé
quan hé phi tuyén véi cdc tham s8, cling nhw mé hinh phi tuyén. Day chinh la wu diém cia
phuong phiap ML so véi phuong phap EE. Phuwong phiap ML duoc st dung rong rai trong
viéc wée lwong cic tham s6 MB.

e Véi tin hiéu diéu khién t6i wu, do chinh x4c cia tham s6 wéc lwong dwoc tang them 17%
so v&i viee dung tin hiéu xung vuéng 3-2-1-1 (nhiéu do cap do 2%), va 6% (nhieu do cap do
5%, 10%).

Trong thoi gian t6i chwong trinh wée lrong cdc tham s6 khi dong lwe hoc va dieu khién
cla may bay sé duoc st dung cho may bay KATA da ché tao. Sau khi nhan dang dwoc céc
tham s6 nay, mo hinh todn moé ta ding dic tinh dong lwc hoc va diéu khién cia may bay
KATA dwoc thiét lap va ding dé xay dung bo diéu khién bay tu dong theo quy dao cho
trude.
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