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Abstract - This paper aims to estimate the
longitudinal aerodynamic parameters of the aerospace
vehicle from the available measurements with different
initial conditions. In this current work Filter Error
Method (FEM) which accounts for both process and
measurement noise, is used to estimate the longitudinal
aerodynamic parameters from vehicle data. FEM
algorithm is developed in MATLAB environment. With
the developed algorithm studies are carried out at
different instance of the vehicle and the estimated
parameters are compared with wind tunnel
predictions.
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1. INTRODUCTION

Parameter estimation, is the subfield of system
identification, which determines the best estimates of the
parameters occurring in the model. Aerospace vehicle
parameter estimation is the best example of system
identification. An aircraft motion is described by equations
of motion derived from the Newtonian mechanics,
considering the vehicle as a rigid body. The aerodynamic
forces and moments cannot be measured directly.
However, aerodynamic modeling followed by parameter
estimation helps to determine the aerodynamic
parameters. Conventional methods of parameter
estimation are (i)Equation Error Method[2] (ii) Output
Error Methods (OEM)[3,4] and (iii) Filter Error Methods
(FEM). Out of these methods Filter Error Method (FEM), is
the most general stochastic approach for aircraft
parameter estimation, which accounts for both process
and measurement noise. In this current work Filter Error
Method (FEM), is used to estimate the longitudinal
aerodynamic parameters. FEM algorithm is developed in
MATLAB environment. State estimation is carried out with
Kalman Filter and the parameters are updated using Gauss
Newton Method. With the developed algorithm studies are
carried out at different instance of the vehicle and the

estimated parameters are compared with wind tunnel
predictions.

2. LONGITUDINAL DYNAMICS

Aerospace vehicle experiences aerodynamic forces and
moments during their motion in atmosphere.

Fig -1: Aerodynamic forces and moments

Fig.1 shows the different forces and moments acting on
the vehicle along the three axis. Aerodynamic forces acting
on the vehicle with respect to longitudinal plane are given
from (1)-(2).[1]

F =-C,GS (1)
F, =-C\GS 2

Aerodynamic moment is given by (3).
M =C,_qSc (3)

Where (j is the dynamic pressure, S is the reference area,

c is the longitudinal reference length,C,,C,C, are the

total axial force coefficient, total normal force coefficients
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and total pitching moment coefficients. The state
equations are given from (4)-(7)

V = ud +w + Ww @
Ju? +v2 + W
. UWw—wu
a=—F 7 (5)
u’+w
0= (0 cos ¢ —rsin ¢) (6)
cosy
. Cm_SC+|zx(r2_p2)+rp(|zz_Ixx)+|xy(p+qr)+|yz(r_pq)
4= (7)

¥

Where U,V,W are the translational velocity, P, (, I are
the body rates, V is the vehicle velocity, & is the angle of

attack, |XX,|W,|ZZ are the

and |l , 1,1

Xy tyzr Tax

moment of inertia

are the product of inertia, &, @,/ are the

euler angles. The aerodynamic coefficients are modelled in
linear form as:

CA = CAO + CAzza + CMel§e1 + CA5e25e2 + CMr15r1 + CA§r25r2 (8)

CN = CNO + CNaa +CN6e16e1 + CN&eZé;Z + CN5r15r1 + CN5r2 r2 (9)

6,.=0 (14)
Gn =9 (15)
C,a8c+ 1, (rF=ph)+mp(l, =1 )+1 (p+ar)+1 (F-
g o (=P P01, 1)+ 1y (+4r)+1, (- pa) a6
IW
a_ -0 (17
m
a,, =~ (18)
m

Where, m is the mass of the vehicle, V,_,«,,60,,0,, are
the measured velocity, angle of attack, euler angle, and
body rate, (j, is the measured angular accelerations and

a

.m1 &, are the measured accelerations.

3. EFFECT OF INITIAL CONDITION

The effect of initial condition of the coefficient on the
estimates is studied by considering different initial
conditions. The different initial conditions are shown in
table 1.

Table -1: Different initial conditions

C,=C.+C,0+C 50 +Cose20r + CrsriOy + Crusra0rs  (10) Parameters Initial Initial Initial
values values values
whereC,,C,,C ,C,,,Cy,.,C,, are the basic coefficients (case 1) (case 2) (case 3)
and
Casers Casezs Casrr Casr2r Crusers Crsezr Crarts Crisras
C.rse1s Cinsezr Crsr1r Crnse2 are the incremental coefficients Cao 0.0623 0.0400 0.0001
due to control surface deflections. Thus the unknown c
parameters to be estimated are given as: aq /degree 0.0149 0.0080 0.0052
U
0" =[CrC . CseiCasesCasriCas2Crvio Crie C per /degree 0.0304 0.0252 0.0223
CN5e1CN5e2CN5r1CN5r2CmOCmaCm5el (1 1) C /degree
Ae2 0.0304 0.0252 0.0223
Crrse2CrnoriCrr2]
Cho
Observation equations are given by (12)-(18) -0.2080 -0.0400 -0.3000
V, =V (12) Cua/degree |5 96ag 1.2605 1.7131
a, =a (13) Crer/degree | 1509 0.1203 0.1209
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Chea/degree | (1509 0.1203 0.1209
Cyi /degree | 0008 0.0006 0.0008
Cpio/degree | 0008 0.0006 0.0008

The presence of process noise makes Equation Error
Method ,Output Error Method estimation techniques less
efficient. Therefore, Filter Error Method [5] is used in this
work which account for process and measurement noise.
Since the system is stochastic in nature a steady state
Kalman filter is used for obtaining the true state variables
from the noisy measurements.

4. RESULTS AND DISCUSSION

Estimation is carried out for a period of 10s with 500
samples. Region considered for the estimation process is
for the vehicle time 310-320s. The initial values of the
estimates are taken from the wind tunnel data. The
variation of angle of attack, dynamic pressure, Mach
number, relative velocity and control surface deflections
during this region are shown in Fig.3 and 4. The estimated
longitudinal aerodynamic coefficients are shown in Fig 5,6
and 7.
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Fig -2: Mach number, relative velocity, dynamic pressure
and alpha during the estimation region
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Fig -3: Control surface deflections during the estimation

CA total

region
0.075 Wind Tunnel
Estimated(casel)
0.074 P, Estimated(case2)
. \\ Estimated(case3)
0.073 \\\ ///
D
0.072
0 1 2 3 4 5 6 7 8 9 10
Time(s)
0.4 Estimated(casel)
' Estimated(case2)
0.2 Estimated(case3)
2 0 >—/\ f"’/—\/\\ﬂ / \
w 7 o
: \/
-0.2 S
-0.4
1 2 3 4 5 6 7 8 9 10
Time(s)

Fig -4: The estimated total aerodynamic force
coefficient C,,
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Fig -5: The estimated total aerodynamic force coefficient
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Fig -6: The estimated total aerodynamic moment
coefficient C |

5. CONCLUSION

Filter error algorithm is formulated and developed in
MATLAB environment. With the developed algorithm
longitudinal aerodynamic parameters are estimated with
different initial conditions.The estimated longitudinal
aerodynamic coefficients are compared with wind tunnel
prediction. Maximum of 0.3%, 0.13%, error, are observed
in total aerodynamic force coefficients, 0.0002 difference
are observed in total aerodynamic moment coefficient.
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