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Abstract: - In order to satisfy the requirements of anti-terrorism and security task, the interception methods of 
aerial flyer has been got much attention. According to the problem of low effectiveness-cost ratio of 
interception by missile traditionally, the feasibility of interception by anti-aircraft gun system is researched in 
the paper, two new interception methods, the point interception and barrage net interception are presented. The 
conception and idea of the two interception modes are proposed, and the maneuverability of the latter mode is 
validated by using probability theory. Finally, the validity of the two modes is verified through simulation. 
Results show that, point interception mode can be adopted when forecasting precision of aerial flyer is high, 
and barrage net mode can be used is applied in the condition of low forecasting precision, and the relationships 
between the two modes are not mutually exclusive and they are complementary. 
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1 Introduction 
Now with the diversification of anti-terrorism 

and security status, it is important to defend against 
aerial threat for important concourses such as 
conference building and important venues. 
Especially, in the recent Olympic Games, aerial 
defense missile has been disposed around the 
important Olympic venues [1], for instance, Patriot 
missile for the 2004 Athens Olympic Games and 
Small Sword-2000 for the 2012 London Olympic 
Games. But the military aerial defense missile 
system is not suitable in the defense task mentioned 
above. Firstly, usually the aerial threat targets are 
some small flyer with low altitude and slow 
velocity, for example, the helicopter model. But the 
missile is usually designed to intercept combat 
airplane. Secondly, the military aerial defense 
missile is costly, so when we adopt the missile, the 
effectiveness-cost ratio will be low. The last but 
not the least, the big volume of missile system 
equipment will affect its disposing quantity. By 
contrast, the anti-aircraft gun system is cheap and 
its volume is small, and then it could be dispersedly 

disposed at an easy rate, which can improve its 
viability [2,3],consequently this system could 
effectively protect the security area. It is obvious 
that anti-aircraft gun system plays an irreplaceable 
role in terminal interception [4,5]. 

In the paper, we study the feasibility of aerial 
flyer interception around security area by 
anti-aircraft gun system. The conceptions and 
principle of the two interception modes are given 
out in Section2, and in Section3, maneuverability 
of the latter mode is proved by using probability 
theory. In Section 4, the validity of the two modes 
is verified through simulation and related 
applications are analyzed, Section 5, the conclusion 
are obtained. 
2 Conception and Principle of Point 
interception and Barrage net 
interception mode 

In the Fig. 1, O is origin of the coordinate, 
L is target flight path, l is its projection on the 
horizontal plane, the coordinate components of 

target present point M is ( ), , Dβ ε or ( ), ,X Y H , 
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m is its projection on the horizontal plane, qM is 

ahead point with coordinate components 

( ), ,q q qDβ ε  or ( ), ,q q qX Y H . Basic vector 

equation for encountering calculation problem 
under standard shooting condition can be written 
as follows (1):  

   
( )

q

f q

D D S

t f D

 = +


=

  


              (1) 

 

Fig 1. Principle drawing of shooting target 

Where D


denotes present point vector, 

qD


denotes ahead inclined distance vector, 

S


denotes position advances of target move, 

ft denotes pill flight time during the process of 

encountering calculation. 

Definition 1: take the target forecasting ahead 

point qM as aiming point (named pill distribution 

center as well) of shooting data for each 
anti-aircraft gun in this system, and pills will obey 

Gaussian distribution and which center is on qM , 

this mode is called Point interception. 

Definition 2: each aiming point i
qM is 

equably circular distribution with radius of 

( )1jr j ≥  and centers are on ahead point 

qM (named pill configuration center as well), and 

pills present the uniform distribution 
approximately and will be complanate in the point 

of qM  point, this mode is called barrage net 

interception. 

As it can be found that, in the Fig. 2, the 
sketch map of each aiming point presents equably 
distributing on n circles. The mathematic principle 
of barrage net interception is described as follows: 
configure several pill centers with dispersed 
distribution, which obey Gaussian distribution, and 
if we apply its tail additive effect, and then an 
approximately well-proportioned pill distribution 
area is obtained. Fig.3 is the sketch map of 
one-dimensional approximately uniform 
distribution with three components of Gaussian tail 
additive effect. 

 

Fig 2. Sketch map of barrage net mode 
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Fig 3. Uniform distribution and Gaussian 
distribution 

3 Circular barrage net formed by 
pills that obey random Gaussian 
distribution 

Theorem 1: Given that the forecasting plane in 
which target and pill will encounter introduced in 

paper[4] includes 
1

m

i
i

n
=
∑  distribution centers ,i lX  

that well-proportioned configuration along 

iX r= , pills on the distribution circle i obey 

independent two-dimensional Gaussian distribution 
whose Mean Square Error (MSE) is 

x y
i i iσ σ σ= =  as shown in Fig.2, 

( ), , ,
2 2  cos   sin

T
T

i l i l i l i i
i i

X x y r l r l
n n
π π 

= =  
 

, 

where 1,2,...,i m= , m is the number of distribution 

circles, 1, 2,..., il n= , in is the number of 

distribution centers and ir  is radius of circle i . 

Supposed that pill for each ,i lX  is equal, a 

circular barrage net will be formed 

when 3, 2i i in r σ≥ = , the integrated pill 

distribution density is planar on the configuration 

center qM .  

Based on theorem supposing, integrated pill 
distribution density can be described as 

( )
2 2

2 2
1 1

1

1 1 1 2 2, exp cos sin
2 2

inm

i im
i l i i i i

i
i

f x y x r l y r l
n nn

π π
πσ σ= =

=

       = − − + −          
∑∑

∑
               (2) 

( ) ( )

( ) ( ) ( ) ( )

2

2

2 2 2 2

2 2

0,0
0,0

0,0 0,0 0,0 0,0
      (3)

0

p

f
k

p

f f f f
x x y y x y

∂
= =

∂

 ∂ ∂ ∂ ∂
 ∂ ∂ ∂ ∂ ∂ ∂ 
=

  

                            

If Eq.(3) comes true or does exists, and 

then ( ),f x y  is planar in point ( )0,0 [5-7]. 

Through the partial derivative calculating of 
Eq. (2), we can obtain the following equations.

( ) 2 2

2 2
21 1

1

2cos
, 1 1 2 2exp cos sin

22

i
inm

i
i im

i l i i i i
i i

i

x r l
nf x y

x r l y r l
x n nn

π
π π

σ σπσ= =

=

  
− −     ∂        = − − + −     ∂          

 

∑ ∑
∑

  (4)
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( ) 2 2

2 2
21 1

1
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( ) ( )2 2, ,f x y f x y
y x x y

∂ ∂
=

∂ ∂ ∂ ∂
            (9) 

When 2i ir σ= , using ( ) ( )2 1 cos 2
cos

2
x

x
+

=  in 

the simplifying of Eq. (6). 

( )2

2
41 1

1

0,0 exp( 1) 4cos
2

inm

m
i l i

i i
i

f
l

x nn

π

πσ= =

=

 
 ∂  − =  ∂    
 

∑ ∑
∑

  (10) 

Define
1

4cos
in

l i

f l
n
π

=

 
′ =  

 
∑  

When 3in = ,  

4 8 12cos cos cos 0
3 3 3

f π π π     ′ = + + =     
     

 (11) 

When 4in = ,  

4 8 12cos cos cos
4 4 4

16cos 0
4

f π π π

π

     ′ = + +     
     

 + = 
 

    (12) 

When 4in > , because 
4sin 0

in
π 

≠ 
 

 and on the 

basis of  

( ) ( )sin sin 2cos sin
2 2

x y x yx y + −   − =    
   

. 
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(13) 

Therefore, on the basis of  Eqs. (11)~(13), 

when 3, 2i i in r σ≥ = , ( )2

2

0,0
0

f
x

∂
=

∂
 

In the same way, through related calculation that 
( ) ( )2 2

2 2

0,0 0,0
0

f f
y x

∂ ∂
= − =

∂ ∂
, 

( ) ( )2 20,0 0,0
0

f f
x y y x

∂ ∂
= =

∂ ∂ ∂ ∂
. 

when 3, 2i i in r σ≥ = . Consequently, Eq.(3) comes 

into existence. Here, ( ) 1
2

1
0,0

2

m

i im
i

i i

n n
f

eπ σ
=

=

=
∑

∑ , an 

circular barrage net is established, whose center is 
target forecasting ahead point qM .  

4 Simulation and analysis 

Simulation part one: through theorem 1, we can 
assure that probability density is planar around 
target forecasting ahead point qM . Now, the 
characteristics of pill distribution probability density 
function are analyzed under different parameters 
through simulation. 

Simulation parameters are set as follows: 

(1) 2m = , 1 2 6n n= = , 1 2 3r = , 2 3 2r = , 

1 26, 3σ σ= =  

(2) 2m = ， 1 2 6n n= = ， 1 22 3, 3 2r r= = ，

1 23, 6σ σ= =  

(3) 3m = , 1 2 3 6n n n= = = , 1 2 3r = , 2 3 2r = , 

3 4 2r = , 1 6σ = , 2 33, 4σ σ= =  

In the Fig.4, it gives out the pill distribution 
probability density function curve. Where, (a) of the 

Fig.4 is three-dimensional mesh diagram of pill 
distribution probability density which according to 
with simulation parameters（1）; (b) and (d) of the 
Fig.4 are corresponding with simulation parameters
（2）and（3）respectively; (c) of the Fig.4is contour 
map with label of (b). 

 

(a) Mesh diagram of pill distribution probability 
densitycorresponding with Simulation setup (1) 

 

 (b) Mesh diagram of pill distribution probability 
density corresponding with Simulation setup (2) 

WSEAS TRANSACTIONS on SIGNAL PROCESSING Liu Heng, Mei Wei, Shan Gan Lin

E-ISSN: 2224-3488 69 Volume 10, 2014



 

 (c) Contour map of pill distribution probability 
density corresponding with Simulation setup (2) 

 

 (d) Mesh diagram of pill distribution probability 
density corresponding with Simulation setup (3) 

Fig 4. Pill distribution probability density 

In the (a) and (d) of Fig.4,it shows that 
when 3, 2i i in r σ≥ = , the pill distribution 
probability density is planar around point ( )0,0 ; 
As shown in (b) of Fig.4, Simulation setup is 

2i ir σ≠  results in its inequality, and its value is 
less than that of around it, (c) of Fig.4 shows this 
variation disciplinarian is more obviously. These 
results prove that theorem 1 is true. 

Simulation part two: Efficiency of point 
interception and barrage net interception modes are 
compared and each application fields are analyzed. 

Here, taking the number six distribution centers 
of barrage net circle as an example, namely that 

1m = , 6n = . Given that the projection area of 
aerial flyer is a circle with acreage 1s = 2m in the 
forecasting plane, 3w = denotes the required 
average number of pills hitting the target, f denotes 
pill distribution density function. If number of 
launching pills to target is N , then the intercept 
probability can be calculated by the equation (14) 
[8]. 

   ( ) ( )1 1 /
N

sP N f s w= −  − ⋅          (14) 

Simulation setups 

(1)Point interception: 2σ = , barrage net 
interception: 2, 2r σ= = , 50N =  

(2)Point interception: 2σ = , barrage net 
interception: 2, 2r σ= = , 200N =  

(3)Point interception: 2σ = , barrage net 
interception: 6, 3r σ= = , 200N =  

(4)Point interception: 2σ = , barrage net 
interception: 

2, 2, 6r r r= = = , 2rσ = , 200N =   

(5)Point interception: 2σ = , barrage net 
interception:        

2, 2r σ= = , 100, 200, 300N N N= = =  
Fig. 5, Fig.6 and Fig.7 are the simulation 

results. Fig. 5 denotes difference value of intercept 
probability between barrage net and point 
interception mode under the same condition, where 
(1) and (4) correspond with simulation setup (1), 
here (1) is the map of camber contour, (4) is the 
figure of three-dimensional caber. In the same way, 
(2) and (5) correspond with simulation setup (2), (3) 
and (6) correspond with simulation setup (3); 
Fig. 6 denotes the pill distribution probability of the 
two interception modes under interception area of 
the same acreage, here, the area is expressed by 
radius ( )0.5* , 1,2...,12irr i i= = , this result 
corresponds with simulation setup (4), where, (a) 
denotes pill distribution probability under the 
circular area composed by the points which satisfy 
the condition of ( )0 , 1,2...,12d ir rr i< ≤ = , here 
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dr is the distance between the point and center of the 
circle. (b) denotes pill distribution probability under 
the looped area composed by the points which 
satisfy the condition of 

( )10.5* , 1,2...,11i
i i d irr i rr r rr i+= < ≤ = . (c) is the 

figure of two-dimensional vertical bar chart; Fig.7 
denotes the interception area acreage of the two 
modes of whose intercept probability is greater than 
a certain lower limit value, this result corresponds 
with simulation setup (5). 

 

(1) Camber contour of difference value of intercept 
probability between Barrage net and Pot modes 

correspond with Simulation setup (1) 

 

(2) Camber contour of difference value of intercept 
probability between Barrage net and Pot modes 

correspond with Simulation setup (2) 

 

(3) Camber contour of difference value of intercept 
probability between Barrage net and Pot modes 

correspond with Simulation setup (3) 

 

(4) Three-dimensional caber of difference value of 
intercept probability between Barrage net and Pot 

modes correspond with Simulation setup (1) 
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 (5) Three-dimensional caber of difference value of 
intercept probability between Barrage net and Pot 

modes correspond with Simulation setup (2) 

 

(6) Three-dimensional caber of difference value of 
intercept probability between Barrage net and Pot 

modes correspond with Simulation setup (3) 

Fig 5. Different values of intercept probability for 
the two modes 

 

(a) Pill distribution probability under same circular 
area 

 

 (b) Pill distribution probability under same looped 
area 

 

(c-1) Figure of two-dimensional vertical bar chart 
for pot mode 

 

(c-2) Figure of two-dimensional vertical bar chart 
for barage net mode with radius 2=  

 

(c-3) Figure of two-dimensional vertical bar chart 
for barage net mode with radius 2=  
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(c-4) Figure of two-dimensional vertical bar chart 
for barrage net mode with radius 6=  

Fig 6. RelationshipS between pill distribution 
probability and interception area 

Comparing Fig. 5-(1) with Fig. 5-(2), when pill 
number is few, efficiency of point interception is 
greater than that of barrage net interception on the 
whole, the latter is better than the former only in 
periphery, but here the intercept probability of both 
modes is not big enough to intercept target; 
however, when pill number is increased to 200, 
efficiency of barrage net interception is improved 
obviously, mostly in the two aspects: the first is that 
around pill configuration center, although point 
interception has little greater efficiency, but the 
intercept probability of barrage net is also big 
enough; the second is that barrage net mode has 
much more obvious advantages in exteriority, which 
increase valid interception area. So the results show 
that barrage net mode is suitable for the condition of 
enough pills. 

 

Fig 7. Relationship between interception area and 
intercept probability 

From Fig.5-(2) with Fig.5-(3), we can see that 
when radius of barrage net increases, although its 
efficiency around pill configuration center is 
decreased, but valid interception area is increased, 
so barrage net mode is suitable for the condition of 
low forecasting precision for aerial flyer. When we 
adopt this shooting mode, size of barrage net can be 
adaptive set on the basis of forecasting error scope 
in order to assure optimal intercept probability. 

Fig.6-(a) shows that within circular 
interception area of the same acreage, the smaller of 
pill distribution probability is correlated with the 
bigger radius of barrage net. When 2, 1r σ= = , its 
pill distribution probability is similar to that of point 
interception mode with the parameter 2σ = ; Fig. 
6-(b) shows that when the looped area is near to pill 
configuration center, the smaller of its pill 
distribution probability is correlated with the bigger 
radius of barrage net. But when the looped area is 
far from pill configuration center, the bigger of its 
pill distribution probability is correlated with the 
bigger radius of barrage net. This means that the 
more of increasing valid interception area in 
periphery is correlated with the bigger radius of 
barrage net. 

Fig.7 shows that when pill number is increased 
from 100 to 300, the max intercept probability of 
point mode will increase from 0.95 to 1.0, however 
that of barrage net mode will increase from 0.65 to 
0.95, so the more obvious advantage of barrage net 
mode is correlated with more pills; If taking lower 
limit value of intercept probability as 0.5 (broken 
line in Fig.7 for instance), the valid interception area 
of Barrage net interception mode with 200N = is 
greater than that of point interception mode 
with 300N = . The results show that the self-design 
of point interception mode exists limitation, so this 
mode can not improve the valid interception area 
through increasing the number of pills. 

Through dispersing excrescent pills from near 
pill configuration center to periphery, which will 
increases the valid intercept probability, barrage net 
interception mode can be used under condition of 
low forecasting precision of aerial flyer position. 
and when pills are enough, radius of barrage net can 
be reasonable set in order to assure optimal intercept 
probability; Point interception mode can assure the 
big intercept probability around pill configuration 
center, and can be used in the condition of little pill 
or high forecasting precision for aerial flyer. 
 
5 Conclusions 
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In this paper, we propose two methods i.e., the 
point interception and barrage net interception, in 
order to intercept aerial flyer around security area 
effectively by using anti-aircraft gun system. The 
conception and principle of the two interception 
modes are defined, and the maneuverability for the 
latter mode is proved by probability theory. In fact, 
the relationships between the two methods are not 
mutually exclusive but complementary, because 
point interception mode is applied to the condition 
of high forecasting precision for aerial flyer 
position, and barrage net mode is applied to the 
condition with low precision, so the interception 
mode should be chosen on the basis of actual needs. 
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