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Abstract - In an air-to-air engagement between two fighter aircraft, a fighter aircraft requires several maneuvers to evade the 

opponent's attack. Out of several fighter maneuvers, one of the most commonly used maneuver is the Split-S maneuver, in 
which the fighter changes direction and altitude drastically to distance itself from the battlefield. This paper will discuss the 
effectiveness of the Split-S maneuver in evading a Pure-Pursuit Guidance Missile. The simulation is conducted to determine 
the fighter’s survivability in a case wherein the Split-S maneuver is executed to evade multiple incoming missiles from a 
multitude of directions. The movements of both the fighter and the Pure-Pursuit missiles will be modeled using the MATLAB 
/ SIMULINK software. The result of this simulation is the acquisition of the distribution of the miss-distances, which can later 
be utilized by a fighter pilot as a consideration for the execution of a Split-S maneuver. 
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I. INTRODUCTION 

 

The fighter is designed to fulfill the given mission, one 

of several mission is the fighting between aircraft 

fighters in the air. As the times progressed, several 

methods were used to develop a missile guidance 

system in order to intercept enemy fighter and 

paralyzed them. However, winning the fight in the air 
can not only by increasing the ability of weapons to 

attack; the fighter should have a strategy to avoid 

attacks from enemy fighters. Fighter’s evasive 

movement or commonly called evasive maneuver has 

a different level of effectiveness depending on the 

direction of enemy attack (missile). 

Fighter pilots are trained on the reactions to take 

against hostile actions when they face enemy fighters 

and the incoming guided missiles [3]. The reaction is 

to order the fighter aircraft to gain a maneuver. In 

general the performance of guidance systems can 
generally be quantified in terms of the miss-distance 

and terminal flight time between the missile and the 

target. The terminal miss-distance is the range 

between fighter and missiles at the closest approach 

[2]. A good maneuver will deliver in a large 

miss-distance and terminal flight time. If the evasive 

maneuver of an aircraft is appropriate, then the aircraft 

can force the missile to make harsh turn, thus at a 

certain point the missile could not catch up anymore 

and the fighter can escape.  

 

A real practice or flight test requires very expensive 
equipment and a long time; hence it is decided to do 

the simulation. In addition, simulation is a very safe 

method because the risk of a pilot accident is 0 

percent, it also prevent losses due to aircraft damage. 

Simulation is also a flexible method because it can be 

done under various conditions [1]. Therefore, to find a 

more effective maneuver, simulation engagement 

between fighter and missile can be done, with the 

direction of incoming missiles from various positions. 

 

 Split-S Maneuver 

The Split-S maneuver is a common maneuver during 

dogfight with the purpose of getting away from the 

fight. This maneuver is used to change direction 

quickly with 180 degree roll motion and followed by 

half-loop, hence given the altitude loss. Because 

Split-S is descent maneuver, the pilot must ensure that 
the aircraft is at sufficient altitude to be able to do 

half-turn downwards. 

 
Figure 1. Split-S Maneuver 

 

To execute this maneuver, the first thing to do is to 

command the aircraft to roll over 180 degrees, when 
the aircraft is inverted, the pilot commands a pitch up 

motion to form vertical U-turn [7]. 

 

 Missile Models 

The missile modeled as a point with a Pure Pursuit 

Guidance system. Pure Pursuit Guidance named from 

the missiles which always lead to targets, hence the 

derivation of missile’s position every time is strongly 

influenced by changes in target positions. With a 

higher missile speed than the target, it will produce an 

intersection between the missile and the target at a 
given point. The missile movement is formed by 

creating a plane in 3D space of 2 non-collinear vectors, 

written by the following equation, 
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𝑑𝑖𝑟       =  
(𝑋𝑝      − 𝑋𝑚       )

 𝑋𝑝      − 𝑋𝑚        
 

𝑉𝑚       = 𝑎𝑏𝑠𝑉𝑚.𝑑𝑖𝑟        

𝑑𝑖𝑟        is the vector direction of missile, 𝑋𝑝       is the vector 

position of target, 𝑋𝑚        is vector position of missile and 

𝑉𝑚        is vector velocity of missile. 
 

II. METHOD 
 

In this chapter will be implemented a 3-D simulation 

of the engagement between missiles and targets. 

Simulations will be shown in two common conditions: 

engagement between missiles and moving targets, 

then the engagement between missiles and Split-S 

maneuverable targets. 

Through this simulation will be seen the performance 

of miss-distance generated between missile and target. 

From the missile’s point of view, it should make as 

small as possible miss-distance value, whereas from a 

target's point of view, it should be able to produce a 
miss-distance of as much as possible in order to 

increase its survivability [3]. 

The schematic of the engagement simulation between 

the missile and the target is shown in Fig. 2.The 

modeling of the target is taken from Kunto 

Megantara's final project; simulation of the combat 

fighter dynamic model JF-1 is performed to produce a 

maneuver, one of which is the Split-S maneuver. 

Modeling is done using MATLAB / SIMULINK 

software. The dynamic models are given some control 

surface input from a SIMULINK block to generate 
Split-S maneuver. From the simulation performed on 

SIMULINK software, JF-1 plane position data can be 

taken at any time. 

 
Figure 2. Schematic of the Simulation 

 

The modeling of the missile movement used pure 

pursuit guidance, so we used the equation of a point 
that pursues another point. Modeling is conducted 

using MATLAB software; missile’s characteristics 

taken from AIM-9 Sidewinder which has a maximum 

turn rate 15 degree/s. Because the missile turn rate is 

restricted, it takes some equations to get the angular 

change, 

 

 
Figure 3. Defining Vector Velocities of Missile 

 

The equations are, 

𝑑𝑖𝑟       
𝑖 ⋅  𝑑𝑖𝑟       ∗

𝑖+1 =  𝑑𝑖𝑟       
𝑖𝑥 ⋅  𝑑𝑖𝑟       ∗

 𝑖+1 𝑥 +  𝑑𝑖𝑟       
𝑖𝑦

⋅  𝑑𝑖𝑟       ∗
 𝑖+1 𝑦 + 𝑑𝑖𝑟       

𝑖𝑧 ⋅  𝑑𝑖𝑟       ∗
 𝑖+1 𝑧

= 𝑐𝑜𝑠𝜃𝑚𝑎𝑥 

𝑑𝑖𝑟       
𝑖+1 ⋅  𝑑𝑖𝑟       ∗

𝑖+1 =  𝑑𝑖𝑟       
 𝑖+1 𝑥 ⋅  𝑑𝑖𝑟       ∗

 𝑖+1 𝑥 + 𝑑𝑖𝑟       
 𝑖+𝑖 𝑦

⋅  𝑑𝑖𝑟       ∗
 𝑖+1 𝑦 + 𝑑𝑖𝑟       

 𝑖+1 𝑧

⋅  𝑑𝑖𝑟       ∗
 𝑖+1 𝑧 = cos(𝜃𝑖+1 − 𝜃𝑚𝑎𝑥) 

𝑛 ⋅  𝑑𝑖𝑟       ∗
𝑖+1 =  𝑛 𝑥 ⋅  𝑑𝑖𝑟       ∗

 𝑖+1 𝑥 +  𝑛 𝑦 ⋅  𝑑𝑖𝑟       ∗
 𝑖+1 𝑦

+ 𝑛 𝑧 ⋅  𝑑𝑖𝑟       ∗
 𝑖+1 𝑧 = 0 

 

The equation of the missile above is the equation for 

missiles that pursue targets with a horizontal flight. 

Because it will test the effectiveness of the Split-S 

maneuver, it will combine the position data from the 

manifold of JF-1 target model maneuvering into the 

missile movement equation. In this simulation we will 

get a visualization of the path formed by the missile 
that is aiming at the target, from which the track will 

be evaluated the resulting miss-distance so that it can 

be analyzed how effective the maneuvering of this 

Split-S. 

To evaluate the miss-distance, two simulated pure 

pursuit guidance missile scenarios will be simulated. 

In this simulation missiles and targets are assumed to 

be a point, hence there is no gravitational influence at 

any altitude. The capture radius is chosen as far as 10 

meters, meaning if the miss-distance value is less than 

10 meters, then the missile is considered successful to 

paralyze the target. 
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The simulation is conducted with the target flying at 

the same speed, direction, and altitude, while the 
missile is launched from various directions around the 

target with a radius of 4500 meters. The initial position 

of the missile is divided into 3 parts to represent the 

sphere shape; the initial position is in the X-Y plane, 

the X-Z plane, and the Y-Z field. 

For scenario 1, the initial speed and position are 

determined as follows:  

 

𝑋𝑡 = 0 𝑚,  𝑌𝑡 = 0 𝑚,   𝑍𝑡 = 7000 𝑚,
𝑉𝑡 = 240 𝑚/𝑠 

 

In this first scenario the target moves with constant 

velocity in x-direction. Then the initial position of the 

missile is shown in these figure below, at speeds 

𝑉𝑚 = 700 𝑚/𝑠. D. With incidence is the direction of 

the arrival of missiles that are implemented in the form 

of angles. 

 
Figure 4. Initial Position of Missile in X-Y Plane 

 

Figure 5. Initial Position of Missile in X-Z Plane 

 
Figure 6. Initial Position of Missile in Y-Z Plane 

 

For scenario 2, a missile will pursue a Split-S 

maneuver target. Split-S maneuver simulation is 

conducted by inputting the control surface in the block 

SIMULINK software. The target immediately starts 

the maneuver when the missile is launched. 
The first input in SIMULINK block is the aileron at 

0.75 seconds, to make the left aileron deflection 

upward and the right aileron downward, so the plane 

starts the roll 180 degrees to the left. To stabilize the 

position of the aircraft, the rudder input is deflected to 

the right to provide contrary moment from roll 

movement. The roll movement of the aircraft takes 

approximately 2 seconds. After the aircraft rolls 180 

degrees, elevator control surface is given input at 2.5 

seconds by 25 degrees upwards, so that the aircraft 

execute the pitch up movement. The speed and initial 
position of the missiles are determined as follows: 

 

𝑋𝑡 = 0 𝑚,   𝑌𝑡 = 0 𝑚,  𝑍𝑡 = 7000 𝑚,
𝑉𝑡 = 240 𝑚/𝑠 

There is a change in altitude on the target, because 

Split-S maneuver required a sufficient altitude, so 

selected battle between the missile and the target is 

done from an altitude of 7000 m. After maneuvering, 

the aircraft will decrease its altitude from 7000 m to 

4500 m. The initial position and speed of the missile is 
same as scenario 1. 

 

III. RESULTS AND DISCUSSIONS 

 

The results of the simulation will be shown in the form 

of a graph based on the executed plane, according 

from the direction of the missile. Vertical axis is the 
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magnitude of the miss-distance and circular axis is the direction of the arrival of missiles. 

 
Figure 7. Comparison of Miss Distance Distribution in X-Y Plane Direction 

 
Figure 8.Comparison of Miss Distance Distribution in X-Z Plane Direction 

 
Figure9.Comparison of Miss Distance Distribution in Y-Z Plane Direction 
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From the graph above it can be seen that when the 

missile is launched and the target is not maneuvering 
(fly horizontal); there are some points when 

miss-distance between the target and the missile is 

below 10 m. It can be seen on the chart there are 

approximately 9 points from 24 points in one X-Y 

plane, this means the missile opportunity to hit the 

target in the X-Y plane is 37%. When the target 

maneuver Split-S, the distribution of miss-distance 

enlarged and there is no point in the plane is below 10 

m, so that in the condition of missiles launched in the 

field X-Y, this maneuver is the appropriate maneuver 

to avoid such attacks, especially if missiles are coming 

from behind of the target. 
For the direction of missiles coming in the X-Z plane, 

the probability of missile to hit horizontal-flying target 

is 37%, equal to the X-Y plane. This is because the 

gravity in the simulation is ignored, so the two planes 

are considered to be equal. At the time the target 

maneuvered, the miss-distance distribution remains 

wider but not as good as in the X-Y plane. For missile 

launched at directions in the X-Z plane, the probability 

of missile to hit the target decreases by 8%. 

Different conditions occur in the direction of missile in 

Y-Z plane. On the chart it can be seen that when the 
target flies horizontally, the miss-distance distribution 

is good without any valuable results below 10 m. 

However, when the target is maneuvered Split-S, the 

distribution of miss-distance is smaller at some point, 

especially at the 45-135 degree angle. In this Y-Z 

plane, the probability of missile to hit the target 

increase from 0% to 17%. In other words, this 

maneuver is not effective when the missile comes 

from the Y-Z plane. 

For the entire data, this maneuver can reduce the 

missile's probability to hit the target from 25% to 8%. 

So the Split-S maneuver can increase the 
miss-distance. Because when the aircraft maneuvers, 

the missiles are forced to do sharp turns so that the 

missiles could not catch up again. The missile could 

not make turns as sharp as the aircraft because the 

missiles are limited by the seeker's vision ability and 

the limits of its own structural strength. Exceptions to 

the Y-Z plane, the turns of the aircraft caused by 

Split-S maneuvers in the plane precisely make the 

missiles turn easier, so the maneuver is move closer to 
the missile trajectory and enlarge the probability of 

missiles to hit target. 

 

CONCLUSION 

 

After conduct the engagement simulation between 

missiles and targets performed using 

MATLAB/SIMULINK software, it can be concluded 

that in the event of a missile attack, Split-S 

maneuvering targets are better than non-maneuverable 

targets. However, there are several locations in the 

direction of the missile, which should not execute the 
Split-S maneuver. These positions can be seen in 

tables and graphs. The simulation results in this paper 

can be used by the pilot as a consideration for Split-S 

maneuver if a missile attack comes from a certain 

direction and position. 
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