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Parameter Estimation of a Vehicle Using Nonlinear Programming with Unscented Transform

Nobuhiro YOKOYAMA”

This paper presents a new method for parameter estimation of the dynamics of a vehicle that is expressed by nonlinear

state and observation equations with unknown parameters. The developed method employs a smoothing technique based on

nonlinear programming with an unscented transform. It covers general classes of problems, including those which have

nonlinear process noise, unknown covariances of the process and measurement noise. By applying the developed method to

the problems of estimating a characteristic parameter of a reentry body and the aerodynamic coefficients of a research
aircraft, good identification accuracies comparable to those of established methods as well as a stable convergence property

are demonstrated.
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Fig. 1. Absolute mean errors of states in the reentry body problem

Table 1 Statistics of the parameters in the reentry body problem
(true value of b: 107)

Standard

Mean (Absolute error) deviation

b | 1.016x107°(1.615x107°) 2.621x107°

Developed 3 3 N
. Q | 2.643x10°(1.435%x10°) 1.840x10
algorithm p S .
R | 1.007x10°(6.880x10°) 1.857x10
URTSS b 1.012x107(1.180x107°) | 5.934x107
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Table 2 Statistics of the parameters in the reentry body problem
(true value of b: 2.0x107™)

Table 4 Known parameters in the research aircraft problem

Parameter

Value

Air density p

0.7920 [kg/m’]

Gravity acceleration g

9.80665 [m/s’]

Standard

Mean (Absolute error) deviation

b | 1.996x107 (4.092x107) 7.206x107°

Developed S . S

. 0 | 2.567x10°(6.721x10") 2.264x10
algorithm

R | 1.062x10°(6.238x10") 1.612x10°

URTSS b 2.015x107*(1.479x10°°) 1.003x107°

Table 3 Statistics of the parameters in the reentry body problem

Mass m 7472.0 [kg]
Moment of inertia /,y 2.2847x10* [kg m*]
Reference area S 30.097 [m’]
Mean aerodynamic chord ¢ 0.6075 [m]
Reference velocity V,; 104.67 [m/s]

(true value of b: 5.0x107 [1/ft])

Standard
Mean (Absolute error) deviation
b | 4.953x107(4.671x107) 2.652x107
Developed 3 3 N
. 0 | 2.249x10°(2.512x107) 1.508%10
algorithm S
R | 9.955x10° (4.471x10%) 1.916x10°
URTSS b 4.547x107 (4.527x10™) 1.240%10°°

DT EMWREINDD, REFIETIE URTSS LML T2
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Fig. 2 Measured inputs of the research aircraft problem
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Fig. 3 Outputs in the research aircraft problem

Table 5 Estimated parameters in the research aircraft problem

Developed
Parameter FEM algorithm
Cpo 0.123 0.126
C,, —0.0645 -0.0667
Cp, 0.320 0.303
C, —-0.0929 —0.0946
C,, 0.149 0.153
C,, 4.328 4.285
C, 0.112 0.119
c,, 0.0039 0.0021
o —0.968 —-1.024
C,, -34.710 —35.188
C,s -1.529 —-1.581
Bl A
Ve = Ve + iy
Ay = O + Vi)

Qe = i T Vi)

G =M, +T. (I sinc, +1_coso,)]/ 1, +vs)

a,, =(L;sina, —D,cosa, + T, coso,)/ m+v,,

a,, =(L.cosa, — D sinay + T, sinc, )/ m+v,,

37
(38)
(39)
(40)
(41)
(42)
(43)
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IIT, MEOERITILTOEY THD. V: #HEm/s], a:
Mfrad], 6 : & FHAlrad], g : & v FAEE[radss), S, : FF
flefrad], T : #EI[N], D: HLAIN], L: B HN], M EvF
JE— A2 NNm), V, : B E [m/s], @, B A [rad],
0, : B > Ffa[rad], q,: B >~ F 43K E [radss), ¢, : Bl
BE sy FAMBEE [rads?], a, : BEA X G5 OBLAINE &
(m/s], a,, : B Z sl 57 10 OB B [m/s?], w0 7
B AMEE, v,y - BINHES . REEEKIZYV, @, 6,
g, WAL S, T, B INIW A TF-m OO 7T HODO%E
B ThHD. Table 4 ICEB T A—FDEEELDE. T,
D,L,MIIWATEHEZD.

D=q,S[Cpy+Cpy (V1 Vip) + Cpox]

L=q,S[Cp,+C(V; / Vi) +Cpal

M :quE[Cmo"'CmV(Vk /Vref)+c a

ma

+C,,(qc)/ (2V 1)+ C,5.0,]

mée~e

7IEL, q=pV /2 THY, Cp,CpyChyyCrosChysC s
Coos Cop Crs C,y s Co (ZZENWAREL. (HERET NS RN T
A=) Thb. IREFEKEGI)-GOIWZBIT HHOHEE, Z
ZlE 0.1[s] 4 ¥k 0 Runge-Kutta 220 TEABERE ST 5.

woEALFH RIS BT AR E LT, RM/ST A —F OfEIX
FTRT 1 THZ, WEEKROEE X, (X, BT —% 0
ThD (Vmo’&mo’émo’qmo) & (VmN’&mN’émN’qu) &R CEET
LZtickoThH Al —F, Tuvry - BlHMG O
SEOUMRIZQ=1,, R=10"*xI, IZHEEL~. £z,
Unscented BT 53T A—H T a=10", f=2, x=-1
L LT

B ) OREIEE & 7 S AU IRBEZR BT B3 < U o
% Fig. 312”7, &EFEMIZHNITES —HELTWL 2 b
2%, Table 5 [IZRHNT A —X DHERKREEZE LD H.
Table 5 (23517 2"FEM”OIE H %, FEM IZ L AH#ERE Y %
BIHLZbDTHD. 72721, FEM OfcifbEtHEIZB W T
X, FIIEERRPICTR LI BB R ORI ESNTE
D, FEM IZBWCIRETIE & RIS RA T X — % Oy
fift 3T 1 & UTRBEHEEZIT S &, HELZIOREES
ZEBRTERNSTL. —F, BEFIETIE, REANTA—X
DY T T | & L78E, FEM TR L 72 PIifig &
F UMEIC LEZBE0onTFiuciknTh, IRSE5Z L3 T
T, RIANRTZA—ZOEHIFRIITH D03, Table 5 £V,
WY FEM L RETFIEOHEERE RN/ KIE—H L TEY
FEM & Al URRE OHEENEE NIREFIEIC L o TR TE T
WHHDEIRTE 5.
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