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Reachability Calculation for Aircraft Maneuver Using

Hamilton-Jacobi Function

LIU Ying"? DU Guang-Xun* QUAN Quan* TTIAN Yun-Chuan?

Abstract To help the pilots make decisions for aircraft maneuvers, a reachability analysis method using Hamilton-Jacobi
partial differential equation is proposed in this paper. The aircraft maneuver is divided into several phases based on the
key points. The restricted set of aircraft states at each key point is seen as the target set, and then a reachable set can
be obtained by solving the Hamilton-Jacobi partial differential equation. The target set and the reachable set are both
described by zero level set. For the three dimensional dynamical model of the aircraft, the reachable set of each key point
and the feasible state space of the whole loop maneuver have been achieved. In order to make the analysis results more
easy to use in practice, a four dimensional dynamical model of the aircraft which takes the rate of the angle of attack as
the control parameter is formulated. Based on the four dimensional dynamical model, the reachable set is analyzed by

means of the proposed method.
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Table 1

The range of state variables at the key points

Key points

Three dimensional dynamical model

Four dimensional dynamical model

213m/s < V < 231m/s
1 30° <y < 40°
2450m < h < 2550m

213m/s <V <231m/s
2 110° < v < 120°
3500m < h <3700m

110m/s <V <130m/s
3 170° < < 180°
3900m < h <4000m

213m/s <V <231m/s
30° <y < 40°

2450m < h < 2550m
6° < a < 10°

213m/s <V <231m/s
110° < ~ < 120°

3500m < h < 3700m
10° < a < 13°

110m/s <V < 130m/s
170° < < 180°

3900m < h <4000m
8 <a<11°

K2 B AT R R (A

Table 2 Aerodynamic envelope and the range of control variables

Aerodynamic envelope

Control variables

Three dimensional dynamical model

Four dimensional dynamical model

90m/s < V < 240m/s

0° < ~ < 180° —2° < a<21°

1800m < h < 4200m
90m/s < V < 240m/s

0° < v < 180°
—0.35< ¢ < 0.35

1800m < h <4200m

20 <o < 21°
® 3 IREAEPAE R 5
Table 3  Grid division of the state space
Parameters Speed Flight path angle Height AOA
Range 90m/s <V <240m/s 0° <~ < 180° 1800m < h < 4200m —2° < a<21°
Grid number 250 180 500 24
Step size 1 4.8 1

2 h(z,p) = p" f(x,t,u), =4S E) T R4
R AR o TR h(z, p) Kiw S5

%N m (TsmoH— 8a> +

D2 aL
s (Tcosa + 304)

TR (17) B9, 492 LUT &
EIE L. XTI (13) AR =4 i pi s A
. A Hamilton-Jacobi 77 FEEUS B KAE I o
TEANF AT T A
1) *p; <0,

(17)

p2>OEJip1<O, p2<OHﬂL,

O* = Omax W Q" = Omin;

2)%p1>0, p2>OH%|a:0<OEE
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Fig.3 The three dimensions reachable set of each stage and the corresponded top view and front view
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