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Abstract 

This paper studies the UAV surprise interception problem in the context of real combat, 
and optimizes the surprise defense strategy of the blue side UAV. In order to test the best 
strategy for blue-side surprise defense, firstly, by studying and analyzing the UAV motion 
state, and the interception strategy adopted by the red-side UAV formation, based on 
which two surprise defense strategies, blue-side predictive evasion strategy and 
deception strategy, are proposed and an optimization model is established. After that, 
the model is solved based on Monte Carlo simulation, and two options of strategy 
confrontation and adaptive selection are adopted to simulate the blue side's surprise 
defense strategy. Through the simulation results, the feasibility of the two strategies to 
break through the red side interception and the significant advantages of the deception 
strategy in the actual combat are verified. 
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1. Introduction 

UAV is a new type of combat platform with the ability of autonomous flight and independent 
mission execution, capable of performing combat tasks such as target reconnaissance, target 
detection, coordinated tracking and military target strikes, which is of great significance to 
modern military operations. UAV surprise defense interception is a common problem in the 
field of UAV combat. The success or failure of UAV surprise defense is not only determined by 
the UAV's maneuvering capability, but also closely related to the surprise defense strategy 
adopted by the UAV. Under the limitation of technology, how to reasonably adopt the surprise 
defense strategy and select the best surprise defense line is of great significance to improve the 
survival ability of UAVs on the battlefield. 

2. Description of the problem 

The UAV surprise interception problem is a common problem in the field of UAV combat, in 
which the blue UAV needs to break through the red UAV formation interception by using 
various surprise strategies, while the red UAV needs to adopt the corresponding interception 
strategy to stop the blue UAV surprise. The specific schematic diagram of the problem is shown 
in Figure 1, the confrontation area is limited to a rectangular area ABCD, when the blue UAV 
enters the identification boundary AB, the red UAV moves out to intercept. Red and blue UAV 
maneuverability is different, in the pursuit process are flying at maximum speed uniform speed, 
red and blue UAV maximum flight speed were pV , EV , the direction of movement can be changed 

at any time, but subject to the radius of the turn, red and blue UAV minimum turn radius were 

pR , ER . Blue UAV in the flight process, restricted by anti-aircraft weapons, flight trajectory can 

not cross the AD, BC border, that is, the attack channel bandwidth has a limited constraint, the 
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channel bandwidth AB distance is M. Blue side through the assault boundary CD that is 
considered a successful assault, the distance of the attack depth BC is L. Blue UAV and red two 
UAV distance is less than R, considered a failure of assault. The blue UAV flies too long in the 
confrontation area with the risk of being recognized by the air defense weapons to strike, so 
the blue side needs to cross the boundary CD within T time, otherwise it is regarded as a failure 
of the breakthrough. In order to stop the blue UAV from surging, the red side transports the red 
UAV formation to the attack territory by carrier aircraft, and then releases the red UAV 
formation to attempt the interception mission red side, the maximum flight speed of the carrier 

aircraft is hV , the minimum turning radius is hR , and the red UAV cluster can fly in formation 

according to the actual needs, such as circle, trapezoid, rectangle, sector, etc. For control, 
communication and to avoid collision, the distance between any two UAVs on the red side needs 

to be greater than mind , and less than maxd . Both red and blue UAVs are maneuvering at the same 

altitude. Both drones are equipped with detection devices and datalinks that can accurately 
detect the real-time position of the other drone and their own drone. 

 
Figure 1: Schematic diagarm of UAV cluster interception of a surprise UAV 

3. Analysis of the problem 

3.1. Analysis of the motion state of the drone 

With the point B as the origin and the direction BC as the x-axis, a plane rectangular coordinate 
system is established and the relative coordinates of the drone are (x, y), and its mass motion 
can be modeled as follows. 
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where xv , yv  is the velocity scalar of the UAV along the coordinate axis, and  is the deflection 

angle of the trajectory during the UAV navigation, which varies as shown in Figure 2. 

 
Figure 2: Schematic diagram of the rate of change of the trajectory declination 
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From 
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which is the rate of change of yaw angle. 

The initial formation of the red UAVs is circular, and we know that the UAVs are evenly 
distributed and meet the distance constraint, so during the initial flight, we can learn the 
relative positions of the other four UAVs to it by just one of the UAV position coordinates, as 
shown in Figure 3. 

 
Figure 3:UAV foemation position map  

The coordinates of the positions of the five UAVs A,B,C,D and E can be deduced by knowing the 
coordinates of the point O as 0 0( , )x y , the formation radius r and the yaw angle  . 

In the actual trajectory analysis, since its flight radius is negligible compared to the distance 
travelled during the whole flight and can be neglected in the overall trajectory analysis, its 
cluster motion can be regarded as the motion of a mass point, which is located at the center of 
its formation, as shown in Figure 4, where the mutual position relationship of individual UAVs 
can be expressed as: 
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 ij (i, j=1,2,3,4,5) is the angle between the speed of the i-th red UAV and the line of sight of other 

UAVs, called the line of sight angle,ij  is the angle between the speed of the j-th red UAV and 

the line of sight of this aircraft, called the entry angle; ijd is the distance between any two 

aircraft; ij is the angle between the speeds of any two aircraft; ijv is the relative speed of any 

two aircraft. 

 
Figure 4:UAV formation relative position schematic 
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3.2. Red's Interception Strategy  

Combined with the above analysis, the red side UAV formation flying in an approximate circle 
can reach the maximum reliable coverage area and improve the interception rate of the red side 
UAV group. The blue side UAV is considered to have failed the blue side's surprise defense when 
the distance between at least two red side UAVs at the same time is less than R. Therefore, the 
maximum interception bandwidth N, the maximum interception width of the red side UAV 
formation, is used for the radiation cross influence area shown in Figure 5. The use of this 
formation will maximize the interception of the blue UAV laterally. 

 
Figure 5:Red UAV formation interception formation diagram 

After geometric operations to find 
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between two drones in the red UAV formation. 

According to the analysis, it can be seen that the most severe situation faced by the blue UAVs 
in the process of surprise defense is that all the UAVs of the red side are facing the blue side 
directly in accordance with the maximum coverage area formation, i.e., the difference in 
longitudinal coordinates ∆y=0 between the blue UAVs and the center point of any red UAV 
cluster, as shown in Figure 6(a). At this point, if the red side wants to intercept the blue side 
UAVs, it only needs to wander around the boundary CD at all times to keep the longitudinal 
coordinate difference ∆y=0, so that its own UAV cluster is facing the blue side UAVs at all times. 
At this point, whether the red drone advances to intercept the blue drone is meaningless, 
because the blue side must break through the red drone this line of defense if it wants to 
successfully break through, and the early and late interception time has no practical 
significance for the task of the red drone cluster, so it only needs to patrol around the CD border 
at all times in the direction of the velocity vector of the blue drone and wait for the blue drone 
to break through, that is The effect of the "wait and see" strategy is shown in Figure 6(b). 

 
Figure 6: “wait and see” strategy diagram and interception strategy 

The horizontal velocity component of the blue UAV is given as xv  , and  ，t ，xv =t|v | 0 1E  the 

position of the blue UAV from the departure position to the next point in time is based on its 
own analysis of the posture of the area of surprise, relying on the different distribution of 
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velocity in the x-axis and y-axis directions. From the analysis, it can be seen that one of the 
indicators measured when the red side adopts the strictest "wait-and-see" interception 
strategy is y that , which is also the most central factor affecting the speed distribution of the 

blue UAV. When y 0 , i.e., the center of the red UAV cluster coincides with the blue side, the 

blue side should make every effort to get rid of the red UAV's interception area in order to get 
rid of the red side's interception, i.e., t=0; when y , the blue UAV can fly along the 

horizontal straight line at full speed because there is no pressure from the red side's 
interception at this time, i.e., t=1 . 

3.3. Red's Interception Strategy 

In response to the Red UAV formation interception strategy, combined with the above analysis, 
the Blue UAV prediction evasion strategy and deception strategy are now proposed, and the 
two strategies are explained below and analyzed as follows. 

(i) Forecasting avoidance strategies 

The Blue UAV should fly as perpendicular to the CD boundary as possible in order to achieve a 
successful breakout in the shortest possible time. However, if Blue always flies perpendicular 
to CD, it may face interception by Red's UAV formation, so consider dividing its flight process 
into two phases, the first phase still flies perpendicular to CD boundary, and when it is predicted 
that it will be intercepted by Red soon, design a turning route to break through all Red's UAVs. 
The schematic of this strategy is shown in Figure 7. 

 
Figure 7:Schematic of predictive avoidance strategy 

 
Figure 8:Deception strategy diagram 

 

Blue side take this strategy to assault the defense need to consider how the blue UAV break 
through the red UAV cluster interception, before the blue UAV encounter with the red cluster, 
can always find a suitable time to turn a certain angle, use the speed advantage to break through 
the red defense line. 

(ii) Deception strategies 
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When the above strategy fails to break through the red UAV interception, the initial flight phase 
is adjusted. First fly along a suitable yaw angle, so as to first attract the red UAV group target 
and thus disrupt its flight strategy, and when both sides are about to encounter each other, the 
blue side can use its speed advantage and pre-determined turning route to break through the 
red side interception, the effect of which is shown in Figure 8. 

The blue UAVs first misdirect the red UAV cluster and later get rid of the red UAV interception 
by taking advantage of pre-set reasonable turn routes and speed in advance. Considering the 
red drone cluster as a point, a system of equations can be formulated from the constraints. 
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Where, 1 is the initial heading deviation angle of the blue UAV, 2 is the heading deviation angle 

of the red UAV cluster 1 after induction, and θ3 is the heading deviation angle of the red UAV 
cluster 2 after induction, and the schematic diagram of each angle is shown in Figure 9. 

 
Figure 9:Angular view of each drone for the deception strategy 

The calculation gives. 
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4. Model building 

According to the above analysis, the problem can be regarded as a fugitive pursuit game 
optimization problem, and the area where the blue side UAV successfully surprises with the 
most strategy is taken as the objective function, i.e., the blue side is required to achieve surprise 
defense with the optimal strategy under the satisfaction of the constraints. The objective 
function, decision variables and constraints are as follows. 

Objective function. 

maxS  

where maxS denotes the maximum area that can be successfully assaulted with the optimal 

strategy. 

Decision-making variables. 
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  0 , ,i i iA B S L  

iA  is a red and blue surprise defense game, which can be represented by a triplet. Where 0B

denotes the starting position of the blue UAV and iS  is the path of the blue UAV, where 

 min Emin T vS , according to the above assumption, the red UAV cluster is considered as a point 

and iL is the flight path of the center point of the red UAV cluster. 

Constraints. 

1. the starting motion area constraint for the blue UAV, i.e. iB ABCD . 

2. The minimum turning radius of the blue UAV needs to be greater than ER ,The minimum 

turning radius of the red UAV needs to be greater than PR , The minimum turning radius of the 

red carrier needs to be greater than hR . 

3. the distance constraint between the blue UAV and the red UAV, i.e. 

      ，    ,( ), ( ) , 1,2 , 1,2,3,4,5i i jt T S B t L t R i j
 

4. Constraints on the timing of blue drone raids. 

minT T  

5. distance constraint for any two red drones, i.e. 

    min , , max, ( ), ( ) ,i j i kt d R t R t d j k  

5. Model solving 

Based on the above analysis, in order to test which strategy is the best for the blue-side UAV, 
this paper uses two schemes for verification, and the following shows the ideas and simulation 
results of the two schemes. 

Option 1, based on the Monte Carlo simulation method to traverse the flight path of the blue 
UAV, simulates the area that can be successfully defended when the blue side adopts a certain 
strategy through simulation. The size of the area of the successful breakout area is used as an 
indicator of the strategy's merit. 

When the blue strategy is the predicted evasion strategy, the blue UAV surprise defense effect 
is shown in Figure 10. The black area in the figure represents the area of successful surprise 
defense. When Red's interception strategy is "wait and see" strategy and Blue's strategy is 
deception strategy, the effect of Blue's UAV is shown in Figure 11. 

 
Figure 10:Predicted evasion strategy surprise defense result graph 
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Figure 11:Deception strategy surprise defense result graph 

Option 2, based on the adaptive algorithm, the simulation traverses all possible surprise 
defense strategies of the blue UAV through Monte Carlo simulation, from which the optimal 
strategy of the blue UAV is selected, and based on the flight trajectory of the blue side of this 
strategy, it is judged which strategy is used by the blue side, and then the two strategies are 
evaluated. 

In the analysis of the interception strategy of the red side, it is known that there is a functional 
relationship between the parameter t and y  , denoted as  ( )t f y  , and the results of the 

influence of the parameter t on the successful area of the breakout are obtained by taking the 
Monka simulation for the chase and escape game through the experimental simulation, with 
the number of successful breakout points as the basis for judgment, as shown in Figure 12. The 
optimal route is outputted to obtain the blue UAV navigation trajectory, as shown in Figure 13. 

 
Figure 12:Family of t y  function relations 

 
Figure 13:Adaptive algorithm optimal trajectory curve 

6. Conclusions and analysis of results 

Based on the simulation results of Option 1, we can see from Figure 10 that when the blue UAV 
adopts the predictive evasion strategy to face the interception of the red side's "wait and see" 
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strategy, it can only use the speed advantage to break through the interception in some areas, 
so we can know that when the blue side's predictive evasion strategy faces the red side's "wait 
and see" strategy Therefore, we can see that when Blue's prediction avoidance strategy faces 
Red's "wait and see" strategy, it is difficult to complete the breakthrough if there is no position 
advantage. From Figure 11, we can see that the red side interception strategy cannot make 
effective interception in the face of the deception strategy, at this time the blue side UAV can 
make effective surprise defense in the confrontation area except for the distance constraint 
with the red side UAV. The percentage of the breakout area can be approximated to 

   21 (2 / ) 100% 99.99%r M L . This result shows the effectiveness and superiority of the 

blue UAV deception surprise defense strategy proposed in this paper compared to the 
predictive evasion strategy in the face of UAV interception. 

Based on the simulation results of Option 2, it can be seen from Figure 12 that the area of 
successful surprise defense has been in an increasing state before t reaches 0.8, indicating that 
the surprise defense strategy of the blue UAV is continuously optimized. At t > 0.8, the area of 
the successful breakout area remains constant and approximately equal to the area of the 
confrontation area, indicating that better breakout results can be achieved in this simulation 
when the parameter t reaches 0.8 or more. From the output of the best flight path of the blue 
UAV in Figure 13, it can be seen that the blue side uses the strategy of deception, and this result 
is consistent with the view obtained in Scenario 1, which further verifies the significant 
advantage of the deception strategy in the actual combat of the blue UAV. 
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