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Abstract 
 

The Strategic missiles attempts to attack the enemy forces 

at a distance greater than ten thousand kilometers which are 

either propelled by the jet engines or the rockets. The 

detection and destruction of the missiles is a significant 

step for a nation to protect its land. Missile countermeasure 

methods are used to counter the missiles which includes 

active and passive methods. In Passive method the 

naturally emitted energy by the missile is detected whereas 

in the active detection method a radio signal is transmitted, 

and the backscattered signal is measured to find the range 

and the velocity of the target. 

 

1. Introduction 
 

Ballistic and Cruise missiles are types of Strategic missiles 

where Ballistic missiles are rocket powered only in the 

initial boost after which they follow an arching trajectory 

to the target whereas the Cruise missiles are jet-propelled 

throughout their flight. Missile defense system is used to 

detect, track, intercept and destroy the missiles.  

 

Passive detection technique includes Infrared system 

which measure the IR signatures due to the radiation from 

the fuselage, exhaust system. Acoustic system is also a 

Passive detection system which measures the Acoustic 

signatures emitted due to the sound produced by the air 

flow around the propellers, high velocity exhaust gases, 

Compressor fans. Active detection technique includes X-

band ground based continuous wave radar (XBR) which is 

a multiple array radar using high frequency continuous 

wave to detect the velocity of the missiles and Pulse 

Doppler radar uses pulse timing technique to determine the 

range and velocity of the target. 

 

2. Passive detection System 

 
The Passive detection system doesn’t emit any energy, but 

it detects the energies emitted by the fast-moving missiles. 

The advantage of using this system is detection and 

tracking can be done at lowest cost and easy installation. 

 

2.1. Infrared detection System 

 
The IR system is a transducer which is used to covert the 

IR radiation to the electric current. The long wave radiation 

will scatter less radiation than the shortwave radiation. So, 

by adding Short Wave Infrared Camera (SWIR) the 

probability of detection increases in visible and thermal 

detection systems and these cameras decreases the 

interference. InGaAs with 640*512 format cameras are 

ideal for the IR systems which are used for the missile 

tracking. [1][2]. 

 

 
 

Figure 1. Simulation results of IR system during 

night and day time 

 

2.2. Acoustic detection System 

 
The received sound will be recorded using the acoustic 

antennas. The useful information is extracted from the 

obtained signal by considering antennas as pair. The 

correlation function helps in detecting the sound from the 

missiles. Discretization is used to make the process simple. 

The atmosphere will attenuate the acoustic signals of high 

frequencies rapidly thus 10KHz frequency will be optimum 

for the operation of the acoustic system. [3][4][5]. 

 

   
 

Figure 2. Azimuth, Elevation and Grating lobe 

diagram of Microphone array antennas used in 

Acoustic system 

 

3. Active Detection System 

 
The active detection technique sends radio waves in all the 

directions and when the radio wave hits the missile, some 

part is absorbed, and the other part is backscattered. This 

reflected signal is detected by the receiver and analyzed to 

find the range, trajectory, velocity, Azimuth and elevation. 

 



The amount of signal which is reflected back is decided by 

the Radar Cross Section (RCS)(σ). The maximum range 

the radar can detect the missile is decided by the Radar 

range equation (1). This Equation is useful to find the range 

of the missile theoretically. � is the range, λ is the signal 

wavelength, ��  is the power transmitted, ��  is the 

transmitter antenna gain, ��  is the receiver antenna gain 

and �	
� is the minimum detectable signal.  [6]. 
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3.1. X-band Ground Based Continuous Wave 

Radar (XBR) 

 
XBR radar is used to detect the missiles using Doppler 

effect. Doppler shift is the change if frequency with respect 

to the receiver due to the motion of the missile. The CW 

radar gives accurate velocity of the missile than the pulse 

radar and also, they provide high average power at low 

operating frequencies.[7][8]. 

 

   
 
Figure 4. 3D pattern, Azimuth and Elevation pattern 

of antenna in XBR  

 

3.2. Pulse Doppler Radar (PDR) 
 

Pulse Doppler Radar (PDR) is the combination of the Pulse 

radar and the CW radar which can be used to get the 

accurate values of both velocity and the ranges. PDR 

eliminates the clutter and also separates the targets with 

different velocities. PDR radar uses time sharing technique 

to share the transmitting and receiving cycles whereas the 

Doppler radars have limitations due to leaks between the 

transmitter and the receiver.[9][10]. 

 

Echo will have the information about the location and the 

range of the missiles. The results of simulation of missiles 

with different RCS are observed at 10kms range in Matlab.  

 

 

 

 
Figure 9. Echo detected for RCS 10,1,0.1,0.01 sq mts                         
 

4. Comparison of Systems 

 
This table compares the different detection systems with 

their own advantages and disadvantages. 

 

Table 1. Different Detection System 

 

5. Limitations  

 
The Passive detection systems will have very less 

sensitivity and its performance is highly dependent of the 

weather conditions. These type of detection systems 

require an additional cooling system as the sensors used in 

this type of systems are bulky. Identification of the 

anomalous sources is difficult in this type of systems.  

 

The IR system have lower coverage and less sensitivity 

which can work effectively only during the night time as in 

the day time, due to the high temperatures, the detection of 

the targets will be difficult and also due to the high 

temperature, there are chances for the system to get 

saturated. The Acoustic signature from the target can be 

minimized by using quitter jet engines. By optimizing the 

shape of turbofan duct, sound from the missiles can be 

reduced. Swept stators can reduce the noise by increasing 

the phase change from the hub to the tip by altering the 

unsteady aerodynamics which produces the sound.  

IR System Acoustic 

System 

XBR PDR 

Propagation 

speed is 

3*10^8m/s 

Propagation 

speed is 

343m/s. 

Propagat

ion speed 

is 

3*10^8

m/s 

Propagatio

n speed is 

3*10^8m/s 

Efficiency is 

high at 

nights. 

Sound 

pressure 

and particle 

velocity 

gives the 

direction. 

Accurate 

velocity 

but poor 

range 

resolutio

n  

Accurate 

range 

resolution 

but poor 

velocity 

accuracy.  

SWIR 

cameras 

used to 

reduce 

interferences  

Maximum 

range 

detected is 

1000kms 

Suitable 

for short 

distance  

Long 

distances 

IR 

suppressors 

can hide the 

missiles.  

Acoustic 

absorbers 

will reduce 

the sound  

Decreasi

ng RCS 

decrease

s the 

probabili

ty of 

detecting 

the 

target. 

Decreasing 

RCS 

decreases 

the 

probability 

of 

detecting 

the target 

and also 

blind speed 

hides the 

target from 

radar. 



 

The active detection systems are prone for the RF 

interferences with other systems if they operate at similar 

frequencies. This type of systems requires generation of 

high power of electromagnetic radiations that will be 

transmitted.  

 

The XBR system has limited range it is prone to the Flicker 

noise caused by the carriers that get trapped and released 

between the two interfacing materials which in turn 

reduces the sensitivity of the CW radar RCS of the target 

can be reduced by using (Radar Absorbing materials) RAM 

which absorbs the radio waves hitting the missiles. When 

velocity of the missile is equal to the PRF of the radar 

which is known as the blind speed, the missile is observed 

as a clutter by the radar and it cannot be detected. The Pulse 

width must be long enough to ensure that the radar 

transmits the sufficient power but as the pulse width 

increases resolution of the system is decreased. 
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