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1- Introduction
For interceptors, The main goal of designing guidance

laws in terminal phase is to minimize the distance between 
the interceptor and the target. High maneuverable targets, 
dynamical complexities and performance limitations, and 
physical constraints, are severe challenges in designing a 
proper guidance law.

Proportional Navigation (PN) performance, as one of the 
most successful guidance laws for  interceptors, diminishes 
against maneuvering targets significantly. HÐ control, in 
which knowing target acceleration is not necessary, has 
become more popular in recent years [1-4]. Considering 
target acceleration as an external disturbance, the problem can 
be formulated as  a zero-sum game, which needs a Hamilton - 
Jacobi - Isaacs (HJI) differential equation to be solved. Because 
of complexity due to nonlinear dynamics and constraints, a 
closed-form solution does not exist. 

In this research, the goal is to design a robust controller for 
an  interceptor, considering input saturation and first-order 
dynamics for the autopilot system. Unlike most of the papers 
which  used two-dimentional model of engagement, here the 
persuit-evasion is modeled in the three-dimentional spherical 
coordinates. Considering target acceleration as an external 
disturbance and including input saturation constraints, a proper 
cost function is derived . For solving the resulted zero-sum game 
through its HJI differential equation, an Adaptive Dynamic 
Programming (ADP) method is used. The proposed algorithm 
will approximate the cost function of HJI inequality using neural 

network general function approximation ability. The assumed 
neural network weightigs are calculated by an offline method. 
Finally, a comparison is made between the proposed method and 
Augmented Proportional Navigation (APN) guidance law using 
different target maneuvers.

2- Methodology
Pursuit-evasion geometry of target and interceptor in the

spherical coordinate system is illustrated in Fig. 1. In this 
figure, r  is the relative position along the line of sight [5]. 
By differentiating from r , one has:

 

�í

cos( )rr re r e r e� T � M� T � M � M�  � � � � (1) 

in which �T, �M, and r  are elevation, azimuth, and relative 
position, respectively. After differentiation from Eq. (1), we 
have:
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where rw , w �T , and w �M are acceleration components 
of the target, and Mru , Mu �T, and Mu �M are acceleration 
components of the interceptor. To compensate for the 
difference between required and applied acceleration, first-
order dynamics are considered for autopilot.*Corresponding author’s email: iman.izadi@cc.iut.ac.ir

Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article                                                  
is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information, 

please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.


