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Using QAM mapped OFDM signal in radar applications it is possible to get from the signal 
constellations both the target velocity and target distance from the radar station. When in the 
reflected signal constellation we get the rotated and distorted mapping that is mean that the 
signal is reflected from the moving target, while on the other hand, when the mapping is only 
rotated around the zero, we have a reflected signal from static target. Getting that signals and 
passing them through frequency and target distance filter banks we get the Doppler frequency 
and time shift and, consequently, the velocity and the distance of the target. 
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1. Intorduction 
Radar systems develop year by year. One of the latest approaches is using OFDM 

(Orthogonal Frequency Division Multiplexing) signals in radar systems. A lot of investigations had 
been done and different methods were designed to solve various OFDM-radar applications.  

There are two major features of OFDM signals which make it applicable in radar applications, 
which are the signal long duration and the wide spectrum. The first one, signal long duration helps 
to determine Doppler shift very accurately. On the other hand, wide spectrum of the signal gives an 
opportunity to find a time shift of the received echo signal. Knowing these two values we can 
determine the velocity of the target and its distance from the radar station consequently. Several 
methods of OFDM radar signal processing have been proposed. One of the approaches was 
designed with using a correlation of received and transmitted signals [1]. Another metohod is called 
novel approach, where the proposed algorithm operates directly on modulated symbols [2,3].  

In the present work it is shown that using QAM mapped OFDM signal in radar applications it 
is possible to get from the signal constellations both the target velocity and target distance from the 
radar station. When in the reflected signal constellation we get the rotated and distorted mapping 
that is mean that the signal is reflected from the moving target, while, on the other hand, when the 
mapping is only rotated around the zero, we have a reflected signal from static target. Getting that 
signals and passing them trough frequency and target distance filter banks we will get the Doppler 
frequency and time shift and consequently the velocity and the distance of the target. 

 
2. OFDM in Radar processing 

In Radar processing we can point two general parameters which describe the accuracy of the 
radar system: radar range resolution and relative velocity.  
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Withܿ଴being the speed of light and ܤbeing the total signal bandwidth in (1), while ߣ ൌ ܿ଴/ ௖݂, where 
௖݂ is the carrier frequency. 

OFDM signals consist of orthogonal parallel subcarriers. The whole signal will be 
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where ݏ௠ேା௡ is a complex modulated symbols, ܰ is the number of subcarriers, ܯ is the number of 
consequtive symbols, ௡݂ is the individual frequency of subcarriers and 

௡݂ ൌ
݊
ܶ. (4)

 
So, after inserting (4) in (1) and (2) we get.  
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From (5) and (6) it is followed that more subcarriers we have, more accuracy will have radar 
system. 

 
Fig. 1. OFDM Implementation by FFT. 

OFDM transmission and reception can be implemented with Fast Fourier Transformation (FFT). 
As shown in Fig. 1, just performing an Inverse Fast Fourier Transform with the ݏ௠ேା௡ symbols and 
converting the data from digital to analog we will get ݏሺݐሻ signal which will be transmitted from 
radar station. After reflecting from the target the echo signal gets a Doppler shift and time shift, 
which occur because of the velocity of the target and its distance from the radar station. The 
received signal will be the convolution of transmitted signal and the impulse response. So, to get the 
velocity and the distance of the target from the radar station firstly we should get the Doppler shift 
and the time shift, which are in the pulse response of our signal. By the way looking on Fig. 1, it 
looks very easy to implement and OFDM translation and reception by FFT, and it should work, 
because each block on the transmit site has its corresponding inverse on the receive site, so all the 
data should be perfectly recovered if our blocks work perfectly. We must satisfy the condition of 
orthogonality. In the picture it is hidden in the cover of Fourier transform theory, that’s why 
erroneously it looks very easy to make it work correctly. 
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