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Abstract 

In missile guidance systems, classical proportional navigation law has been used most 

widely. But with the increasing of the maneuverability of the targets, the classical 

proportional navigation guidance law has been unable to meet the requirements of people 

on the ballistic parameters. So this paper will further study the algorithm error of 

guidance law. Based on the previous theoretical results and the working principle of 

aircraft in the homing guidance system, this paper studies a guidance trajectory guidance 

principle which based on the ratio, and has carried on the analysis and the simulation 

theory. And simulation accuracy analysis has been carried on with practical examples. 

The results show that the method is put forward to effectively reduce the guided ballistic 

calculation method of error. 

 

Keywords: Guidance Law, Guiding Principle, Proportional Guidance, Robust 

Geometric Guidance 

 

1. Introduction 

In the process of aircraft flying actually, due to various constraints, the guidance 

system every sampling step to obtain a play yard azimuth and distance. So, based on 

the numerical expression of proportional guidance equation trajectory, using creates 

a continuous equation, difference equation to describe the process of discrete, 

thereby increasing the method error of the algorithm itself. This paper introduces the 

guiding principle of aircraft and the proportional guidance equation is deduced, 

which leads to the calculating method based on the guidance of the principle of 

trajectory, thus directly using the discrete expressions to describe the process, to 

avoid the use of continuous equation difference formula of the method error. Finally 

simulation accuracy analysis has been carried on the with practical examples. The 

results show that the method is put forward to effectively reduced the guided 

ballistic calculation method of error [1-4]. 

 

2. Guiding Principle of Aircraft 

Aircraft proportional guidance trajectory and target trajectory is shown in Figure 

1. In the figure 1
D D , 2

D D ... 3 4
D D  are aircraft trajectory; 1

M M , 1 2
M M ... 3 4

M M  

are target trajectory. When the aircraft flew to control period of the end D , target is 

located in M .The direction of the line of sight is D M . The Aircraft initial 

trajectory Angle is 0   .The initial heading is 1
D D . Through a sampling step 

length T , the aircraft arrives in 1
D .The target arrive in 1

M
.At this time, the 

direction of the line of sight is 1 1
D M . Aircraft at point 1

D
 direction of the line of 

sight rotation angular velocity is  1 1 1
/q D M D M T   . According to the 
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proportional guidance equation K q  , calculate aircraft trajectory angle is 1


. And 

then determine the aircraft's new course is 1 2
D D .After a time step T , aircraft 

arrived at 2
D

 point and the direction of the line of the rotating angular velocity is 
 2 2 2 1 1

/q D M D M T  
. According to  the formula of K q  . Determine the 

aircraft's new course is 2 3
D D .So constantly, until hitting their targets [5-8]. 

 

3. Proportional Guidance Equation 

As shown in Figure 2, at certain moment target located is at point M , and aircraft 

is located at point O .The target velocity is m
V

; the aircraft velocity is V . Both in 

the same plane. In the figure, R  is the relative distance between the aircraft and the 

target, and q  is the Angle of the line of sight, and m


 and   is the aircraft heading 

angle. m


 and   are the goal and the vehicle velocity vector and the reference line 

angle[9-10]. 
 

 

Figure 1. Proportional Guidance Trajectory Diagram 

 

Figure 2. Single Step Movement within the Diagram 

Derivation: As guides A B O M ， C D O M , and meet in OM extension of 

C. D E A B . Hereon, O M R ， O B a ， M D b  
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Obvious, 

co sA M O M O A R a      

co s co sA C A M M C R a b       

Because of the quadrilateral ACDE as rectangles, and  

B E A B A E A B C D    , thus  

 

2 2 2 2 2
2 ( ) 2 ( c o s c o s )D B D E B E R b a a b R b a          =  

(1） 

0

lim c o s ( ) c o s ( )
m m

t

D B O Md y
R v q v q

d t t
 

 

     


-
                   (2) 

Obvious D B A D G F   ,
2

O G F q


   ， 

c o s c o s
a rc ta n ( )

2 s in s in

m

t

m

R v v t
q D G F O G F q

v t v t

 


 


  
       

  
        (3) 

0

lim ( s in s in ) /
t

m
t

q q
q v v R

t
 



 


  


                                (4) 

 

By (2) and (4) simultaneous, proportional guidance equation is obtained 
 

 

 

                                                               (5) 

 

 

 

 

When R=0 to hit the target. 

 

4. Guidance Ballistic Based On Guidance of Principle 

Based on the principle of proportional guidance, (1) and (3) are used to establish 

a homing trajectory, 
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In this: t  is sampling for aircraft time step; a v t   is for the aircraft in t  

time displacement; m
b v t   is the target displacement of time; m


 is target motion 

direction angle; n


 is aircraft trajectory angle; n
q

 is target angle of sight; k  is 

proportional guidance coefficient[[11-15]. 

 

5. Trajectory Simulation 

According to the deduced formula (4.6), the MATLAB software is used for 

simulation problem of two-dimensional proportional guidance. Assuming that 

aircraft control paragraph to end point (0, 0), the velocity is 300m/s. The initial 

heading along the x axis towards the right，When fly the end point of section x line 

machine to control the coordinates of the target (5000，10000); target nvelocity is 

120m/s;desired track  is 60°.The simulation time step is 0.1s. 2K  .The ballistic is 

shown in Figure 3 and 4.  

Figure3 and Figure 4 respectively proportional guidance coefficient of 2K   and 

6K   vehicle and target motion trajectory diagram, more can be found that the size 

of the proportional guidance coefficient K , which has a great influence on the 

whole trajectory curvature radius. K  proportional guidance coefficient is smaller, 

guided ballistic the bending; K , the greater the guidance trajectory is straight. 

The method of this article is comparing with classical proportional guidance 

trajectory. Take K =2, as shown in Figure 5, the classical proportional guidance 

trajectory in this paper. Methods of ballistic are shown in Figure 6. 

Comparing Figure 5 and Figure 6, we can find that the two methods in the 

algorithm error when K =2, obviously, has led to a ballistic difference is very big. 

Classical proportional guidance law of ballistic curve curvature is bigger, the 

method of the ballistic curve is flat. Ballistic trajectory has been leveled off, in the 

front slightly bent, ballistic not big fluctuations, flat. Therefore, based on the 

guiding principle of proportional guidance trajectory better tracking stability, it is 

does not have the advantages of the classical proportional guidance law. 

The following two methods to produce the algorithm error are analyzed. 

Respectively on the classical proportional guidance and the article adopts the 

method of the data processing, take different proportion coefficient K  is obtained 

relevant error such as shown in Table 1, Table 2 and Table 3, it is concluded that the 

approximation.  

Table 1. K = 2, Error of Method in this Paper And Classical Proportional 
Guidance 

T 0 5 10 15 20 25 30 

error 0 0.02 0.07 0.12 0.18 0.25 0.36 

T 35 40 45 50 54 57 60 

error 0.36 0.48 0.63 0.81 1.13 1.18 1.2 

 

According to the data in Table 1, image processing using MATLAB software, the 

result is shown in Figure 7. 
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Figure 3. K=2, Aircraft and the Target Motion Trajectory 

 

Figure 4. K=6 Aircraft and the Target Motion Trajectory 

 

Figure 5. K=2 Classical Proportional Guidance Trajectory 
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Figure 6. K=2 Ballistic Diagram Method in This Paper 

Table 2. K = 4, Error of Method in This Paper and Classical Proportional 
Guidance 

T 0 5 10 15 20 25 30 

error 0 0.03 0.09 0.14 0.21 0.27 0.32 

T 35 40 45 50 54 57 60 

error 0.35 0.37 0.371 0.372 0.373 0.374 0.375 

 

To Table 1, Table 2 and Table 3 using the MATLAB software for processing, the 

result is shown in Figure 8. 

Table 3. K = 6, Error of Method in This Paper and Classical Proportional 
Guidance 

T 0 5 10 15 20 25 30 

error 0 0.03 0.09 0.14 0.18 0.19 0.2 

T 35 40 45 50 54 57 60 

error 0.21 0.22 0.221 0.222 0.223 0.224 0.225 

 

From Figure 8 comparison can be found that with the increase of time t , the 

algorithm error is also increased in a certain scope, reaches a certain value, the 

algorithm error is stabilized, similar to a fixed value. With the increase of K  value, 

the method error is small. That is the size of the method error value and is inversely 

proportional to the size of the K  value. 
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Figure 7. K = 2 Error Curve 

 

Figure 8. Error and Direct the Diagram of Coefficient K 

Below again respectively on classical proportional guidance and the article adopts 

the method of the data processing, take different faster than c  obtained the related 

error such as shown in Table 4.4, Table 4.5 and Table 4.4, it is concluded that the 

approximation. Through these data to the next step algorithm error analysis, thus we 

can draw the error and speed ratio c . 

Table 4. C = 1.67, Error of Method in this Paper and Classical 
Proportional Guidance 

t 0 5 10 15 20 25 30 35 

error 0 0.006 0.03 0.07 0.11 0.15 0.18 0.19 

40 45 50 55 60 65 70 75 80 

0.191 0.192 0.193 0.194 0.195 0.196 0.197 0.198 0.199 

Table 5. C = 2.5, Error of Method in this Paper and Classical Proportional 
Guidance 

t 0 5 10 15 20 25 

error 0 0.02 0.05 0.1 0.18 0.26 

30 35 40 45 50 55 60 

0.32 0.34 0.347 0.348 0.349 0.35 0.351 
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Table 6. C = 5, Error of Method in this Paper and Classical Proportional 
Guidance 

T 0 5 10 15 20 

Error 0 0.04 0.1 0.18 0.28 

25 30 32 35 40 45 

0.43 0.55 0.577 0.588 0.595 0.60 

Will different c  and MATLAB software for processing, the relationship between 

the error form the results is shown in Figure 9. 

As can be seen from the Figure 7, the error is proportional to the speed ratio c . 

With the increase of time t , the algorithm error is also increased in a certain scope, 

after reaching a certain value tends to be stable, approximate to a fixed value. 

Compare Figure 7 and Figure 6, found in Figure 6 the algorithm error value is 

greater than the algorithm error in Figure 7, is the size of the proportion coefficient 

K , the error of the method have a larger impact. And speed ratio c  changes on the 

guidance method error of ballistic has obvious influence. 

 

6. Conclusions 

This paper is for proportional guidance principle based on aircraft. Strictly proportional 

guidance equation is deduced, and raises the based on the guidance of the principle of 

recursive formula for calculating trajectory, and finally ballistic simulation is carried out 

according to the two-dimensional proportional guidance problem, and further analyzes the 

proportional guidance coefficient and speed ratio on the influence of method error. 

Through the contrast we can see that the size of the proportional guidance coefficient K , 

on the whole trajectory curvature radius and the influence of method error is bigger. 

Speed ratio c change on guided ballistic method has obvious influence, and c in time will 

be different. Therefore, in the vehicle guidance system design, considering various 

factors, optimization of related parameters, further enhance the combat effectiveness of 

aircraft. 

 

 

Figure 9. Relationship of Error and Speed Ratio C  
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