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Abstract: 

Guided missiles are to be very accurately pointed towards the target so as to hit them without any fail. 
The task is not easy as there may be obstacles in the path followed by the missile and the target may 
be static or dynamic. The specifications are also
state accuracy and the transient performance are often contradictory. As such the design cannot be 
accomplished by open loop, on-off or logical control. The desired performance can be realized only by 
properly designed feedback control system. Proportional feedback generally fails to fulfil the transient 
and stability requirements. The system is made stable and the transient performance is shaped by 
adding weighted derivative feedback (PD), integral feed
Even if the transient requirements are fulfilled, it becomes difficult to maintain adequate stability 
margins. Therefore, a compensator has to be cascaded in the forward or feedback path. In this paper, 
the design of a guided missile has been taken up. Its block diagram and transfer function are given. The 
gain has been fixed up to keep the steady state error within prescribed limits. The transient 
performance has been shaped and stability ensured by adding a weight
feedback. The required amount of stability margins have been realized by cascading a properly 
designed lead type compensator in the forward path.

Key words:  Guided missile, forward path gain, feedback path, transient performance in

frequency-domain analysis, stability margins.

 

 

1. Introduction 

 Guided Missiles are self-propelled projectiles. They are weapons or instruments, guided 

in flight toward a target either by remote control or by internal mechanisms. They vary 

widely in size and type, ranging from large strategic ballistic missiles with nuclear 

warheads to small, portable rockets carried by foot soldiers. Although most are military 

weapons with explosive warheads, others may carry scientific instruments for gathering 

information within or above the earth's atmosphere.

 Guided missiles are equipped with power source, guidance and control mechanism, and 

warhead or payload. Power sources may be self

engines.  The type of guidance and control system employed depends on the type of missile 

and the nature of the target. Inertial guidance systems sense the position of the flight path in 

relation to a fixed target. Other guidance systems use more active sensors to direct the 
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Guided missiles are to be very accurately pointed towards the target so as to hit them without any fail. 
The task is not easy as there may be obstacles in the path followed by the missile and the target may 
be static or dynamic. The specifications are also very stringent. Moreover, the requirements of steady 
state accuracy and the transient performance are often contradictory. As such the design cannot be 

off or logical control. The desired performance can be realized only by 
roperly designed feedback control system. Proportional feedback generally fails to fulfil the transient 

and stability requirements. The system is made stable and the transient performance is shaped by 
adding weighted derivative feedback (PD), integral feedback (PI) or a combination of them (PID). 
Even if the transient requirements are fulfilled, it becomes difficult to maintain adequate stability 
margins. Therefore, a compensator has to be cascaded in the forward or feedback path. In this paper, 

of a guided missile has been taken up. Its block diagram and transfer function are given. The 
gain has been fixed up to keep the steady state error within prescribed limits. The transient 
performance has been shaped and stability ensured by adding a weighted amount of derivative 
feedback. The required amount of stability margins have been realized by cascading a properly 
designed lead type compensator in the forward path. 

Guided missile, forward path gain, feedback path, transient performance indices, 

domain analysis, stability margins. 

projectiles. They are weapons or instruments, guided 

in flight toward a target either by remote control or by internal mechanisms. They vary 

size and type, ranging from large strategic ballistic missiles with nuclear 

warheads to small, portable rockets carried by foot soldiers. Although most are military 

weapons with explosive warheads, others may carry scientific instruments for gathering 

rmation within or above the earth's atmosphere. 

are equipped with power source, guidance and control mechanism, and 

warhead or payload. Power sources may be self-contained rocket motors or air-breathing jet 

nd control system employed depends on the type of missile 

and the nature of the target. Inertial guidance systems sense the position of the flight path in 

relation to a fixed target. Other guidance systems use more active sensors to direct the 
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missile toward a moving object. Payloads are generally warheads designed for specific 

missions. 

 Before WW-II, guided missiles were in an experimental stage. They were just pilotless 

aircrafts controlled by radio. Due to rapid technological advances in various fields like 

aerodynamics, jet and rocket propulsion, guidance and control systems, aircraft structures, 

and the cry for better weapons during the war, revolutionary changes took place in this 

filed. From this time, the modern guided missiles are being produced in mass. Intensive 

research is also being carried out for their improvement and refinement of their control 

2. Types of guided missiles and warheads 

 There are four categories of guided missiles:   

i) surface-to-surface  

ii) surface-to air  

iii) air-to-surface   

iv) air-to-air.  

Surface may be below the surface of the land or sea.  

 Missiles are also grouped according to operation:   

i) tactical missiles are used by military forces in direct combat on and above the 

battlefield   

ii) support missiles are employed behind the main battle area   

iii) strategic missiles are designed for intercontinental warfare.  

 Missiles may also grouped according to their flight characteristics:  

i) Aerodynamic missiles are supported in flight by air pressure around their wing and 

body surfaces similar to conventional piloted aircraft   

ii) Ballistic missiles depend solely on their internal power source, usually a rocket 

engine, to remain airborne.  

Aerodynamic missiles normally travel toward their target in a straight-line or flat 

trajectory.  Ballistic missiles are usually surface-to-surface weapons that follow curved or 

arched trajectories similar to that of an artillery projectile. 

 Military guided missiles carry either high-explosive or nuclear warheads. The type 

depends on the particular application. High-explosives are used for piercing tanks and 

destruction of military bases. Nuclear warheads are weapons of mass destruction carried 

primarily by ballistic missiles which generally carry multiple warheads.  

 

3. Guidance and Control 

 Missiles are guided toward targets by remote control or by internal guidance 

mechanisms. Remote control missiles are linked to a human or mechanical target locator 

through trailing wires, wireless radio, or some other type of signal system. Internal 

guidance mechanisms have optical, radar, infrared, or some other type of sensor that can 

detect heat, light, or electronic emissions from the target. Most missiles have some type of 

movable fins or airfoil that can be used to direct the course of the missile toward the target 

while in flight. The inertial guidance systems of ballistic missiles are more complex. 

Missile velocity, pitch, yaw, and roll are sensed by internal gyroscopes and accelerometers, 

and course corrections are made mechanically by slightly altering the thrust of the rocket 

exhaust by means of movable vanes or deflectors. In larger rockets, small external jets are 

also used to alter direction. 

 The guidance is made by automatic control systems employing feedback. The feedback 

may be proportional, derivative, integral or a combination of two or all of them. In some 

cases, feedforward may be added or a major- loop-minor-loop configuration may have to be 

used to get the desired performance.  
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 It may not be possible to realize the desired performance and to meet the design 

specifications even with this. In such cases a suitable compensator has to be inserted in the 

forward path. The compensators may be of lag, lead or lag-lead type.  

 

4. Block diagram 

The block diagram representation of the missile is given in fig. 1. It has been modelled 

as a linear continuous control system. The dynamics of the missile has been given as a 

product of an integrator and two first order lags. The actuator gain has been given as 10, 

and the amplifier gain has to be adjusted to limit the steady state error. The feedback is a 

combination of proportional and rate feedback- rate feedback has been added to reduce the 

oscillation and the peak overshoot. The design has been initially made without a 

compensator. As the specifications cannot be fulfilled without a compensator, a properly 

designed compensator has been inserted in the next stage.  

 

5. Mathematical description 
With reference to the block diagram, the forward path and the feedback transfer 

functions (without the compensator) are given as:  
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Fig. 1. Block diagram representation of the missile 

 

The closed loop transfer function is given as: 
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 It is a 3
rd

. order system. 
p

K has been taken as 1, i.e. a unity feedback system.  

A lead compensator has been inserted to compensate for the deficiency in phase 

margin. The transfer function of the lead compensator is given as: 
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The forward path transfer function inclusive of the lead compensator is given as: 
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The gain has been modified to counteract the attenuation effect and keep the steady 

state error within specified limit. The feedback path transfer function remains unaltered. 

The closed loop transfer function is not required for the analysis.  
 

6. Specifications 

The design has to be made in a way such that the following specifications are fulfilled: 

The steady state error to velocity input of 100 r/s should be ≤  1 rad 

The system is to be slightly underdamped. 

The rise time ≤ 0.3 sec  ;  The peak time ≤ 0.6 sec 

The settling time ≤ 1 sec;  The peak overshoot ≤ 1 % 

The phase margin ≥ 50
o
;  The gain margin ≥ 20 db 

 

7. Design procedure 

At first attempt is being taken to design the system employing only proportional 

feedback.At first we have to fix up the amplifier gain to reduce steady state error to its 

specified limit. It is a type 1 system. Therefore, the position error constant is ∝ . The steady 

state error for velocity input of 100 r/s is to be limited to 1 rad. Therefore,  

�
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i) With P-feedback 

 With proportional feedback against 
pK =1, we get the closed loop transfer function as: 
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The Routh’s array for the characteristic equation is given as: 

 3
s 1  8 

 2
s 6  800 

 1
s -125.3 x 

 0
s 800 

The system is unstable as there are two changes of sign in the first column of the Routh’s 

array. 

 

ii) With PD-feedback 

 We find that the system is unstable with only P-feedback. So, we add rate feedback to it. 

Using a cut-and-try procedure, we fix up: dK = 0.33. For this value of rate feedback, we 

observe that the system is stable. The specifications have been partly realized- the peak 

overshoot is within 1%. But the specifications on rise time and settling time have not been 

satisfied. 
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Fig. 2. Time domain response of the uncompensated system with PD-feedback 

 

 The corresponding Bode plot is given in fig. 3. 

 

 
Fig. 3. Bode plot of the of the uncompensated system with PD-feedback 

 

 It is observed that the gain margin is now ∞  but the phase margin is only 10.4
o
 which is 

much less than specified. So, we are to cascade a properly designed compensator to fulfil 

the specifications.  

 

iii) With cascaded lead compensator 
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 It is found that the transient performance is satisfactory with proper PD-feedback, but the 

system fails to fulfil the specified stability margins. So, we have to insert a compensator. 

We choose a lead type compensator (given in fig. 4) to compensate for the phase margin. 

  
 

 Fig.4. A lead compensator made up of static elements 

 

 The coefficient of rate feedback has been reduced to 0.143, to match the specifications. 

The transfer function for the lead compensator has been chosen by cut-and-try method: 
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 The forward path gain is increased α -times to keep the steady state error at the same 

value. The resultant loop transfer function is given as: 
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Fig. 5. System response to unit step input with lead compensator 
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Fig. 6. Bode plot of the system with lead compensator 

 

8. Conclusion 
 Missiles are guided aerial vehicles. They are used either for military purpose or for 

scientific investigation. The path may be constrained with static or dynamic obstacles. The 

task of the control system is to guide the missile along an optimal path so as to hit the target 

unfailingly. Obviously very high degree of accuracy is warranted. It is a stupendous task. 

Hence, the guidance must be automated through closed loop control and the design of the 

control system must be carefully made.  

 The missiles may be remotely controlled or controlled by internal mechanism. Digital 

control is a better option in many cases. Sometimes, conventional control systems may have 

to be replaced by soft computing techniques if there be uncertainty or randomly generated 

obstacles are not amenable to mathematical modelling. 

 The primary task is to develop the mathematical model of the missile guidance system. 

The next task is to apply the mathematical tools of control system to this model. In the case 

study the dynamics of the moving system, and the loop configuration have been given. It is 

a linear system with continuous input. The specifications are given. The task is to find out 

the feedback coefficients, and if necessary, the parameters of an appropriate compensating 

network so as to conform to the specifications. This task has been successfully made by 

using a weighted PD-feedback and a lead type compensator.  

 
Symbols: 

,i oθ θ  Actual roll angle/ command roll angle 

K   Forward path gain 

,
p d

K K  Coefficients of proportional and derivative feedback 

,T α  Parameters of the lag compensator 

v
K   Velocity error constant 
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