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Expected Miss Distance Concept and Its Applications to Aircraft
Guidance Law for Arbitrary Flight Trajectory Tracking
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(Byoung Mun Min and Tae Soo No)

Abstract : A guidance scheme that is suitable for controlling the aircraft flight path is proposed. The concept of miss distance,
which is commonly used in the missile guidance laws, and Lyapunov stability theorem are effectively combined to obtain the
aircraft's trajectory-tracking guidance law. Guidance commands are given in terms of speed and flight path angles, but they
perfectly reflect any position and velocity errors between real aircraft trajectory and reference one. The proposed guidance law
is easily integrated into the existing flight control system. The new guidance law was extensively tested with various mission
scenarios and the fully nonlinear 6-DOF aircraft model. Furthermore, the new guidance law was compared with previous
guidance schemes in nonlinear simulation. Results from the numerical simulation show that the proposed guidance law yields

better performance than previous ones.

Keywords : miss distance, lyapunov stability theorem, aircraft's trajectory-tracking, guidance law, nonlinear simulation.
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Table 1. Aircraft physical parameters.

Parameter| Value Unit Comment
S 1703.4 /£ |Wing Area
b 119.1 ft Wing Span
c 16.2 St |Wing Chord
Xcer 0.25 — Ref. Center of Gravity
Xee 0.31 — Aircraft Center of Gravity
i 2.0 deg . Engine Incidence Angle

M 2710.3 slug |Alrcraft Mass

I, 515698.7 slug— fr2|Moment of Inertia

Ly [10448434| g1y f2[Moment of Inertia
L

14334088 lug— 2 Moment of Inertia

I, 60636.7 stug— ﬂ2 Moment of Inertia

Lift Coefficient

Drag Coefficient
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o
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Fig. 1. Definition of aircraft's coordinate system. Fig. Variations of lift and drag coefficients.
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Fig. 3. Variations of EPR(Engine Pressure Ratio) and thrust.
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Table 2. Reference flight condition.

Trim Flight Condition |Dynamic and Control Values
V5 = 250 f#/ sec @ 3.8 deg.
M = 0.2245 9 = 1.3 de

. g .
H = 800 7t _
y = —2.5 deg. 0, = —14.02 deg.
o = 20 deg. EPL = 5.29

3937 554

Table 3. Aircraft's dynamics characteristics.

D i Natural
Mode Eigenvalue am}?mg atura
Ratio | Frequency

—1.74+2.25; 0.61 2.85

Short Period

Phugoid —0.0120.166; | 0.072 0.17

Dutch Roll | —0.406=1.6477| 0.24 1.70
Roll —3.92 _ —
Spiral —0.016 — —
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Fig. 4. Block diagram of the aircraft system.
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Table 4. Engine throttle and control surfaces properties.

Contents Time Constant
Throttle Servo 0.1 sec

0 <6, < 110 (%)
0.05 sec —-30° . = 30°
0.05 sec —45° < §, < 45
0.05 sec =200 < ¢ 20°
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