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Abstract: This paper presents the results of synthesis of guidance law for homing missile to destroy highly and complexly maneuvering 

targets. The aim is to realize the guidance methods applied to modern homing missiles. The algorithm is simple, highly convergent, stable 

and has small errors. The efficiency of the algorithm is verified through simulation, the results are reliable. New guidance law for short 

range flight missiles, based on the theory of variable mode structure. The new guidance law is built around the basic the proportional 

navigation guidance law with a switched bias added to the guidance law to bring the line of sight angle towards zero, even when the target 

is maneuvering. 
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1. Introduction 

The maneuver of the target causes the appearance of higher 

older derivative components of the tracking target 

coordinates at input of the tracking system. Therefore, the 

tracking error will increase. The proportional navigation 

guidance (PNG) law is only optimal for the linearized 

transfer function of missile, constant speed missiles, and 

non-maneuvering target models [5]-[16]. For maneuvering 

targets, the perfomance of the PNG law significantly 

decreases [1]-[4].   

In order to solve the problem of destroying maneuvering 

targets, the augmented proportional navigation guidance 

(APNG) law has been researched and the results are 

acceptable [2], [3], [18]-[25]. At this time, the missile’s 

command acceleration always has an additional 

hypothetical component of the target acceleration. 

However, it is very difficult to measure the actual target 

acceleration with high accuracy without delay [4], [25]. 

With complexly maneuvering targets in terms of both 

intensity and frequency of maneuvers, the performance of 

the APNG law also decreases [2].  

Therefore, the paper proposes a method of synthesizing the 

switched bias proportional navigation guidance (SBPNG) 

law to improve the perfomance of the proportional 

navigation guidance law. By supplementing the guidance 

law with a switched bias component caused by 

maneuverability of the target (due to target acceleration and 

unmodeled kinematic structures) on the basis of the 

application of sliding mode control theory, effective 

response in the case of high maneuvering target with great 

acceleration, complex flying trajectory. In the SBPNG law, 

this additional switched bias component is a function of the 

line of sight angle rotation speed. 

2. Synthesis of the Switched Bias Proportional 

Navigation Guidance Law 

The differential equation describing the relative kinematics 

between the missile and the target, has the form [4], [5]-[13]: 

m mt mt p pD = V cos(θ - σ)-V cos(θ - σ)  (1) 

m mt mt p pD σ =V cos(θ - σ)-V cos(θ - σ)  (2) 
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Where; 

mD , mD  - Relative distance and speed of change of 

distance between missile and target; 

p , mt  - Trajectory inclination angle of missile and target; 

 ,   - The line of sight angle and the line of sight rotation 

speed; 

pV , mtV  - Missile and target velocity; 
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cW  - The command acceleration; 

pW , mtW  - Missile normal acceleration and target 

acceleration. Wmt  , where   is a positive constant. 

Step 1: Select the switch plane 

To apply variable structure control (VSC) theory to 

guidance law design, a switching plane representing the 

kinetics of the desired system is given. Because the structure 

of the guidance law and the properties are very much 

dependent on the switch plane. The purpose of determining 

the switch plane will make the guiding law simpler, easier 

to implement and better able to destroy many types of 

maneuvering targets. The switch plane equation has the 

following form [2]: 

S = σ                                                                                          

(5)  

The purpose of the switch plane selection is to bring the line 

of sight rotation speed to zero. At that time, the missile is in 

the target kill zone. Supposedly, 0   can be obtained by 

a suitable choice.  

Step 2: Design the guidance law 

Design a guidance law to secure surface S = 0  and slide 

along that surface. To achieve this, choose a Lyapunov 

function of the following form: 

21
V = S

2
 (6) 

Obviously, this function is always positive. A sufficient 

condition to ensure that V = S.S < 0  with S 0 . From (1)

÷(5), we have:  

m p p mt mt
m

σ
V = -2D σ -W cos(θ  - σ) + W cos(θ - σ)

D
 
   (7) 

To ensure V <0 , the command acceleration should have 

the following form: 

c m
p

1
W = -2D σ + Kσ +Wsign(σ)

cos(θ - σ)
    (8) 

Where: W   +  and μ,K >0  

1 when σ > 0

sign(σ)= 0 when σ = 0

-1 when σ < 0







 

Substituting equation (8) into (7), we get: 
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Therefore, the value of cW  given in equation (8) guarantees 

the switch plane S = 0 . 

Step 3: Define parameters K  and  .  

Assume that mK = -K D  and mμ = -K ρD . From formula 

(7), for case 0  , we have:  

m m

m

m

1
σ K D σ + K ρD sign(σ) < 0
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Transforming (10) both sides, we have: 
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Similar to the case σ <0  and it can be easily shown that 

θ = 0  will be reached at a relative distance, satisfying the 

following expression: 

1
K

m m

ρ
D D (0)

σ(0)+ ρ

  
  

    

 (11) 

Where, K > 0  and mσ(0), D (0)  the initial values of the line 

of sight rotation speed and the initial relative distance. 

Choosing K  and   thus, the guidance law (8) can be 

rewritten as: 

c m
p

1
W = - ND σ +Wsign(σ)

cos(θ - σ)
    (12) 

In (12) then mW α - K ρD  and N = K +2 . Here, it is 

assumed that the initial conditions are chosen so that the 

guidance law (8) satisfies the condition 0mD   until the 

target is met. Choice cW  is assumed based on the parameters 

mD ,   and p(θ - σ) .  

The new guidance law given by formula (12) can be 

considered as PNG law with time varying guidance 

coefficient, due to the presence of the term pcos(θ - σ)  and 

the switch bias component.  

The meaning of the switched bias component can be 

explained as follows. Assuming that the guidance law can 

guarantee the slip condition, then the orbital   will slide 

along the surface S 0  in the steady state. However, due to 

the presence of the target acceleration, it is not possible to 

achieve θ = 0  precisely. Instead,   will remain close to 

zero. In the vicinity of the sliding surface 0   or can be 

understood: 

m mt mt-K D σ -Wsign(σ)+W cos(θ - σ) 0   (13) 
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cos( ) ( )mt mt mW K D Wsign   −  − −  (14) 

When the system is at steady state in the sliding mode, the 

guidance law ((12) behaves like the APNG law with the 

guidance coefficient  
p

2
N =

cos(θ - σ)
. 

The guidance law (12) can be reduced to the PNG law by 

dropping the term pcos(θ - σ) , assuming its value is 

approximately equal to 1. 

3. Simulation Results and Analysis 

Compare the performance of the newly synthesized 

guidance law (12) with the laws PNG, APNG; with the 

assumption that the target and missile parameters are as 

follows: 

- Missile parameters: 

+ Missile velocity: ( )MV = 1300 m / s  

+ Distance: 0(km)  

+ Height: 0(km)  

+ Missile’s orbit tilt angle: 010  

- Target parameters: 

+ Target velocity ( )TV = 600 m / s  

+ Distance: 15(km)  

+ Height: 10(km)  

+ Target’s orbit tilt angle: 010  

 The case of a one-sided maneuvering target. 

 

Fig. 1: Target missile trajectory 

 

Fig. 2: The miss distance between missile and target 

The case of Snake style maneuvering target. 

Snake maneuvering target with normal acceleration: 

( )TW = 10.9,81.sin ωt , where ( )ω= 0,5 rad / s . 

 

Fig. 3: Target missile trajectory 

 

Fig. 4: The miss distance between missile and target 
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Comments: In both cases.  

The missile trajectory is controlled by the proposed 

guidance law (SBPNG), which is more straight forward than 

the traditional PN guidance law trajectory in all survey 

cases. Even when the target maneuvers with different 

intensity and type of maneuver. 

The miss distance at the vicinity of the meeting point when 

using the new guidance law under all test conditions is 

always smaller than the traditional PNG law, the APNG law, 

therefore, the accuracy will be higher. 

4. Conclusion 

This paper presents a method of synthesizing a new 

guidance law for short range flight missiles, based on the 

theory of variable mode structure. The new guidance law is 

built around the basic PNG law with a switched bias added 

to the guidance law to bring the line of sight angle towards 

zero, even when the target is maneuvering.  

The new guidance law has a simple structure, fast 

convergence and stability. Simulation results confirm the 

superiority of SBPNGs over PNG and APNG. In particular, 

the adaptability of the guidance law not only reduces the 

degree of influence associated with VSC based systems, but 

also helps to reduce the magnitude of the initial transient 

under command acceleration. In the ideal case, the 

performance of this method is close to the performance of 

APNG law. 
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