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Abstract

Homing missiles are classified as Surface-to-air missiles. These missiles are
used for air targets like airplane or helicopter combat. To counteract these
missiles, fighter aircrafts use pseudo targets to deviate the course of the
missiles. These pseudo targets in the form of Flyer Decoys, Jamming or
Clutter are effective means to disable such missiles. In early versions of
guidance systems, missiles turn-off their guidance systems temporarily. This
can help in limited situations. However, in this paper an advanced guidance
system based on Extended Kalman Filters is proposed. It is shown that using
the estimated values of the variables from Kalman Filter, can modify the
course of missile fight leading to the target. Due to the bearing-only nature
of the system, it shown that initial conditions are very important in the
estimation process. To reduce the effect of initial conditions, a set of
Extended Kalman Filter is introduced. Simulation results are provided to

show the effectiveness of the proposed methodology.

Keywords: Homing Missile, Pure Proportional Navigation, Extended Kalman
Filter, Bearing-only Tracking.

Highlights

e Learning and intelligent estimation of the target trajectory to be able to predicted in the unwanted behavioral

conditions.

e  Cooperative target guidance and estimation of multiple missiles to ensure hitting the target.
e  Adaptive estimation of the target trajectory with multiple models to detect different behaviors of pseudo targets
and predict the path of the main target.
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Figure 1. Launch flyers and thermal decoys by aircraft
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Figure 2. Engagement geometry in three-dimensional space
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Table 1. The centers and edges of the bands in kilometers, corresponding to the EKFs used in the proposed SRP-EKF scheme
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Table 2. The initial values used in the simulation of the missile, target, and line of sight
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Table 3. Missile impact error in simulations in meters
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Figure 4. Figures related to target acceleration Ar,(g) and Ar,(g) (vertical axes are in meters per square second and horizontal axes are time
in seconds)

S lwdnd g bi-A

2 5o g lad SVl el 095 5 slla ooy alies 10 42935 )50 Sl jkre (n St Sl (o sS4 az g L
A GV D XY ) OV [0 aT 05 b e 00 Jsoz ol slael aslie b .cwl oois yslaem ¥ Jsoz 10 9,55 5 sl
Y plw jo 9 cl (Jgl 09,5) Shgels colan o Slos 5l s (pg—w 9 p9 05,5) EKF L saiculon pivgw o Slos
et o0 olie By 93 Gl 0 Shes



¥ YA-FYNF-V bl fowe 5 Tz o)lod [p235lg0 Jlo [ogim Ol plbes  qwaige aloxs

r Am(g)
2500 20
2000 15
1500
\ 10
1000
500 5
0 0
0 1 2 3 4 0 1 2 3 4
Aym(g) Azm(g)
20 10 -
10 5
0 0
-10 5
20 -10
0 1 2 3 4 0 1 2 3 4

(Gl &b o e

Figure 5. The results related to the first group in the first case (r, the distance between the missile and the target in meters, A is the
acceleration in meters per second squared and the horizontal axis is time in seconds)
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Figure 6. The results related to the second group in the first case (r, the distance between the missile and the target and X, y, z, the location of
the missile and the target in meters, A is the acceleration in meters per square second, RMSE related to the estimation of As in radians per
second and in Two-dimensional figures, horizontal axis is time in seconds)
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Figure 7. The results of the third group in the first case (the unit of the axes of the figures is similar to Figure 6)
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