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Abstract— Radar is a system that uses radio waves to determine the range, angle, or velocity of objects. It is object detection 

technique. It is used to detect aircraft, ships, spacecraft, guided missiles, motor vehicles, weather formations, and terrain. 

Radar transmitter transmits radio waves or microwaves that reflect from any object in their path. A receive radar, which is a 

same system as the transmit radar, receives and processes these reflected waves to determine properties of the       objects. 

Radar technology was developed by several nations during World War II. The term radar has since entered English and as a 

common noun, losing all capitalization. The modern uses of radar are highly diverse, including air and traffic control, radar 

astronomy, air-defense systems, antimissile systems; marine radars to locate other ships aircraft and meteorological 

precipitation monitoring, flight control systems, guided missile target locating systems and range-controlled radar. High 

technology radar systems are associated with digital signal processing and machine learning. 
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I. INTRODUCTION 

Radar has a transmitter that emits radio waves called radar signals in predetermined directions, when these waves come into 

the contact with an object they are reflected in many directions. The radar signals that are reflected back towards the 

transmitter and it make radar work. If the object is moving either toward or away from the transmitter, there is a equivalent 

change in the frequency of the radio waves caused by the Doppler effect. Radar receivers are usually but not always in the 

same location. The reflected radar signals captured by the receiving antenna are very weak. 

The basic block diagram is as shown below: 

 
Fig. 1: 

II. RADIO SIGNAL PROCESSING 

A. Distance Measurement: 

One way to obtain a distance measurement is based on the time-of-flight. In time of flight system, the transmitter transmits a 

short pulse of radio signal and measure the time that it takes for the reflection to return. The distance is one-half of the round 

trip time and the speed of the signal. Radio waves travel at the speed of light, for accurate distance measurement high-

performance electronics is required. The receiver does not detect the return signal while the signal is transmitted. With the use 

of a duplexer, the radar switches between transmitter and receiver. A similar effect imposes a maximum range as well. In 

order to maximum range and longer times between pulses it should be referred to as a pulse repetition time and pulse 

repetition frequency.  It is not easy to combine both good short range and good long range in single radar because the short 
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pulses required good minimum range broadcast have less total energy or making the return pulses much smaller. Using more 

pulses so each radar uses a special type of signal could offset this. Long-range radars are uses long pulses with long delays 

between them and short-range radars uses smaller pulses with less time delays between them. As electronics have improved 

many types of radar are now can change their pulse repetition frequency and can change their range. Modern radars fire two 

pulses during one cell, which are one for short range (10 km / 6 miles) and one for longer ranges (100 km /60 miles).  

Speed Measurement: - Speed measurement is the change in distance of any object with respect to the time. The existing 

system is used for measuring distance and combined with a memory capacity to see that where the target last was, it is enough 

to measure the speed. Modern radar systems perform the operations faster and more accurate using computers. If the 

transmitters output is coherent then there is another effect that can be used to make almost instant speed measurements which 

is known as Doppler Effect. Modern radar systems use this principle into Doppler radar and pulse-Doppler radar systems. The 

Doppler Effect is able to determine the speed of the target along with the line of sight from the radar to the target. A 

component of target has velocity perpendicular to the line of sight that cannot be determined by using the Doppler effect but it 

can be determined by tracking the target. It is possible to make a Doppler radar without using continuous-wave radar, by 

sending out a very pure signal of a known frequency. Continuous-wave radar determines radial components of a target 

velocity. Continues-wave radar is mostly used for traffic control to measure vehicle speed quickly and accurately, where the 

range is not important. By using pulse radar, the variation between the phases of successive return pulses gives the distance 

for that the target has moved between pulses and speed can be calculated. Mathematical developments in radar signal 

processing have included time-frequency analysis and the chirp let transform which makes use of the change of frequency of 

return pulses from moving targets. 

III. PULSE-DOPPLER SIGNAL PROCESSING AND RADAR EQUATION 

Pulse-Doppler signal processing has includes frequency filtering in the detection processing. The space between transmitted 

pulses is divided into range cells and each cell is filtered like the spectrum analyzer process to produce the different 

frequencies, which is shown by display. Different distance produces a different spectrum and these spectrums are used to 

perform the detection process because this is required to achieve acceptable performance in environment that involved 

weather, terrain and electronic counter measurements. The primary purpose of pulse doppler signal processing measure the 

amplitude and frequency of the reflected signal from multiple distances, which is also used with weather radar to measure 

wind velocity and precipitation rate of air. Pulse Doppler signal processing is linked with computer systems to produce an 

electronic weather map. Aircraft safety depends upon continuous access of accurate weather radar information. Weather radar 

uses a low PRF. Coherence requirements are not strict as military systems because individual signals do not need to be 

separated and range ambiguity processing is not needed with weather radar in comparison of military radar to track air 

vehicles. The alternate purpose is capability, which is used in military air combat survivability. Pulse-Doppler signal 

processing is also used for ground based surveillance radar. 

A. Radar Equation:  

 
Where: - 

Pt = transmitter power. 

Gt = gain of the transmitting antenna. 

Ar = effective aperture (area) of the receiving antenna; this can also be expressed as where: - 

 

 = Transmitted wavelength 

Gr = gain of receiving antenna 

σ = radar cross-section of the target. 

F = pattern propagation factor. 

Rt = distance from the transmitter to the target. 

Rr = distance from the target to the receiver. 

 

IV. ADVANTAGES 

1) Stationary mode. 

2) Moving mode. 

3) Two Directional modes.  
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4) Beam spread can incorporate many targets. 

5) Can often select fastest target, or best reflection. 

6) Still very reliable. 

V. DISADVANTAGES 

1) Time - Radar can take up to 2 seconds to lock. 

2) Radar has wide beam spread 50 ft. diameter over. 

3) 200 ft. range. 

4) Cannot track if deceleration is greater than one. 

5) Mph/second. 

6) Large targets close to radar can saturate receiver. 

7) Hand-held modulation can falsify readings. 
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