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Abstract 

In the modern combat systems, the needs of intelligent combat weapons are essential for 
any country’s defense system. This initiated the requirement and research on automatic and 

self-controlled weapons. One of the most important weapons for any country is guided missile. 
The self guided and controlled missiles have been a topic of research from decades. The 
intelligent autopilot control and guidance provide accurate calculation of target and précised 

target elimination. Homing missiles has guidance unit, self motion measurement and target 
tracking unit inbuilt in missiles so they are more accurate and effective than other types. The 
objective of autopilot design in missile is to provide better stability for miss distance, robustness 

and satisfactory performance, so that the missile only hit the target with more accuracy. Missile 
autopilots can command body rates, flight angle path, acceleration and incident angles. This 
paper provides study of various guidance control methods and their mathematical modeling for 

autopilots for homing missiles. Various autopilot methods are discussed to control and navigate 
the missile towards path of target.  

I. Introduction 

Missile is any object which can be fired, thrown or projected towards 

anything (target). With manual or automatic means, the projectile with 

payload (warhead) is guided towards target with a motive to provide damage 
to target. Depending upon orientation towards target, the missiles are 
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classified into guided and unguided missiles [1-3]. Unguided missiles 

(rockets) can be aimed towards the direction of target only before firing, once 
fired they cannot be controlled and can be aimed towards the direction of 

moving target. They can be best used for stationary targets or short distance 

targets. For distant targets or moving targets the accuracy of these missiles 
are reduced due to curvature and rotation of earth, crosswinds and aiming 

errors. The guided missiles can also be controlled after being fired as well. 

The projectile can change the direction and speed towards the target [4-6]. 
The motion of guided missile can be tracked and flight path can be deviated 

with the commands. So guided missiles can be used for shorter as well as 

longer distances also for moving and stationary targets [7]. Figure 1 shows 
world’s first liquid propelled guided missile V2 developed by NAZI Germany 

during world war 2. V2 was guided by radio controlled mechanical autopilot. 

 

Figure 1. First guided missile. 

Guided missiles can be categorized into two groups namely tactical 

missiles and strategic (ballistic or cruise) missiles. With the use of some sort 

of sensors the tactical missiles can be guided and can be used from short 
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distance to medium distance. While strategic missiles are long range missiles 

which travel a long distance and generally the target is stationary location [8-

10]. 

Homing guidance is a method by which a missile has self-contained 

guidance unit which can generate motion based commands to autopilot of 

missile by seeking the characteristics of target and autopilot steers the 

missile towards the target. A homing missile is more sophisticated than other 

missiles as it contains guidance unit, measuring unit for self-motion and unit 

to trace the target [11]. But also this type of missiles comes under ‘Fire-and-

Forget’ category. As compared with Command to line of Sight (CLOS) and 

Beam Rider guidance (BRG) Guidance, the measurement accuracy of relative 

motion of target is more in homing guidance missile [12]. 

II. Homing Guidance 

Homing guidance is a method by which a missile has self-contained 
guidance unit which can generate motion based commands to autopilot of 

missile by seeking the characteristics of target and autopilot steers the 

missile towards the target. A homing missile is more sophisticated than other 
missiles as it contains guidance unit, measuring unit for self-motion and unit 

to trace the target. But also this type of missiles comes under ‘Fire-and-

Forget’ category. As compared with Command to line of Sight (CLOS) and 
Beam Rider guidance (BRG) Guidance, the measurement accuracy of relative 

motion of target is more in homing guidance missile. Homing guidance can be 

further divided into active homing, semi-active homing, passive homing and 
homing by map matching [13-14]. 

A. Active Homing 

In this type of method, a missile carries a transmitter and receiver units 

for detection of target. The transmitter unit transmits some sort of radiations 
towards target and receiver unit receives the reflected radiations and 

calculates the path and provides the correction in autopilot for flight path. 

The homing radiation can be in form of light waves, IR waves, radio waves or 
sound waves [15]. 
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B. Semiactive Homing 

In this method, the missile has only receiver. The homing radiation is 

being transmitted by any other source (usually placed at launch site), and 
receiver on missile picks up the reflected radiations from the target and 

steers the autopilot towards the target. The high power radar illuminator or 

LASER illuminator can be used for transmitter [16-17]. 

C. Passive Homing  

Passive homing is simple and mostly used homing missile method. In this 
the transmitter is the target itself, the missile has receiver unit (seeker) 

which picks the radiations from the target and changes flight path. The 

example is heat detector or radar detector [18]. 

D. Homing by Map Matching 

In this method, the missile has a camera which detects the target by 
seeking and comparing view below with the preloaded image of target. When 

feature matches, the guidance unit homes the missile towards a specific 

terrain. 

III. Missile Autopilot Control Algorithms 

In order to control the path of missile in form of yaw, roll direction and its 

pitch, three different autopilots are needed which controls these motions.  

A. Roll Autopilot 

Due to forces during thrust and thrust misalignment moments, the 

missile achieves a motion in roll around axis. Within a period of time this roll 
motion is damped after boost phase. Depending upon the orientation of fixed 

tail fins the length of the period changes. The roll motion will last much 

longer if the tail fins are fixed at an orientation with zero angles. Prior to the 
control of missile’s yaw and pitch motion, it is quite useful to compensate roll 

motion in autopilot design. This means at the beginning of control the roll 

rate and roll altitude must be nullified [19]. 

For roll altitude of missile the state feedback law can be written as 

  pKKu pd   11  (1) 

where K  and pK are controller gains. 
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The closed loop transfer function of roll motion can be determined as 
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c  is desired bandwidth for control system. Equating the polynomials, 

pK  and K  can be found as  
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During missile flight, aerodynamics stability derivatives vary in accordance 

with side-slip angle    angle of attack  ,  mach number  ,M  and spin 

angle  .s  The roll control system must adapt to changes of these parameter 

to keep the roll stability of missile. The values of pK  and K  should be 

updated as current values throughout flight. 

B. Acceleration Autopilot 

The guidance unit in pitch plane provides lateral acceleration commands. 

Considering classical proportional plus integral action with contribution of 
pitch damping, the control system can be designed [20]. The figure 2 shows 

pitch acceleration control system. 
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Figure 2. Pitch Acceleration control system. 

The closed loop transfer function between desired and actual lateral 

accelerations can be obtained as 
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Where pp TK ,  and qK  are proportional, integral and pitch damping gains. 

For the above type 1 system, polynomial of transfer function can be written as 

  .11
2

2
3

3  sasasasD pppp  (13) 

In order to determine pp TK ,  and ,qK  third order Butterworth 

polynomial is given as 
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In order for PT  to take finite values 
1

PM   must exist or determinant of 

matrix must be non zero. 

C. Rate Autopilots 

Similarly to acceleration autopilot, pitch (yaw) rate autopilot can be 

designed to control rate of flight path angle [21]. Figure 3 shows flight path 
angle rate control 

 
Figure 3. Flight Path Angle Rate Control 

For type 1 control system, the closed loop transfer function from actual 

flight path angle rate m  and desired flight path rate md  can be obtained as 
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 The characteristic polynomial of the closed loop unction can be written as 
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D. Angle Autopilot  

To track flight path angle commands the equation of motion of missile 
should be rearranged in a compatible form. Pitch and yaw motion can be 

treated as planar motion [22]. 
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Taking gravity effect as an external disturbance, conceding roll free 

motion in pitch plane, the component of acceleration in  bu
3


 direction. 

Time derivative of pitch rate can be obtained as 
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In pitch plane motion, za  is equal to multiplication of flight path angle rate 

and missile velocity. 
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The equation can be expressed in matrix as  
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Figure 4 shows flight path angle control system. The state feedback 

control law can be designed to control flight path control 

  iiqmmde xKqKKKu    (29) 

 

Figure 4. Flight path angle control. 

In this paper different type of homing missile methods and various 
models to control and steer autopilot of missiles has been discussed with 
mathematical modeling. In the modern era, to increase the accuracy for any 
missile the guidance system is mostly automatic. The target should be 
identified accurately so that the missile can be guided towards it to provide 
better defense. The mathematical modeling is structured using the basic 
equations of kinematics and dynamic modeling. With the use of mathematical 
model, closed loop models of acceleration, angle flight control, roll and rate 
autopilots has been structured and discussed in paper. 
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