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Abstract 

 The aim of this paper is to design a digital beam-forming (DBF) Radar system with single 

RF channel. The conversion of multi-channel RF signal to single RF channel is accomplished 

by using code division multiplexing. In this paper we have performed range estimation and 

velocity estimation using Spread spectrum Digital Beamforming. 
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I.  INTRODUCTION  

Radar (an acronym for Radio detection and ranging) is an object –detection system 

that uses radio waves to determine the range, altitude, direction, or speed of object. It 

operates by transmitting a particular type of waveform and detecting the nature of the signal 

reflected back from object. It cannot resolve details or colour. It allows us to see in condition 

which is not visible to our naked eyes. It can also measure the distance to object. It can be 

used to detect aircraft, ships, spacecraft, guided missile, motor vehicles, weather formations, 

and terrain. The information provided by the radar includes the bearing and range (and 

therefore position) of the object from the radar scanner. [1].    

Spread Spectrum Digital Beamforming (SSDBF) is used for reduction of the CSWAP 

and the scalability in bandwidth-and-frequency limitations by using “one digital transceiver 

per element”. Digital Beam forming with minimum hardware requirement. SSDBF enables 

low-cost/low profile/low-power digital beam forming phased arrays with single up/down-

converter, DAC/ADC for the entire sub-array [4].  

Code Division Multiple Access or CDMA is spread spectrum multiple access method. 

The principle of spread spectrum communication is that the bandwidth of the baseband 

information –carrying signals from the different users is spread by different signals with a 

bandwidth with much larger than that of the baseband signals. Ideally, the spreading signals 

used for different users are orthogonal to each other meaning they have low cross-correlation 

[8]. Thus at the receiver the spreading signal is used as the dispreading signal to coherently 
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extract the baseband signal from the target user, while suppressing the transmission from any 

other user, while suppressing the transmission from any other users.[9]     

Pulse Doppler radar is specialized radar that makes use of the Doppler Effect to 

produce velocity data about moving objects at a distance [2]. Doppler radar does this by 

beaming a microwave signal towards a desired target and listening for its reflection, then 

analyzing how the frequency of the returned signal has been altered by the object’s motion. 

This variation gives direct and highly accurate measurements of the radial component of a 

target’s velocity relative to the radar.  Doppler radars use Doppler Effect, which is a 

frequency variation due to distance change of moving objects [3].  

 In Pulse compression radar, the radar transmits extremely short pulses. On the one hand, by 

increasing the pulse width the radar system it achieves greater ranges as there is much more 

power in the pulse. On the other hand by decreasing the width of the transmit pulses it 

provides better range resolution of the radar system. However, there are also technical 

boundaries which limits the maximum transmit power. For pulse compression several 

different modulation techniques are used.  

● Linear frequency modulation (LFM)  

● Non-linear frequency modulation (NLFM)  

● Encoded pulse phase modulation (e.g. Barker code). 

The rest of the paper is organized as follows. The mathematical model of the system 

is described in section II. In section III, The working simulation model and its Block Diagram 

has been illustrated. In Section IV the results of the model have been framed and finally 

section VI concludes the paper. 

 

II. MATHEMATICAL MODEL OF THE SYSTEM. 

A. Method Of  SSDBF  For RADAR 

SSDBF uses radar signal transmission with waveform Coding and directly converting the 

return signals into RF which are incident at each element, and orthogonal code multiplexing 

and detection inside the array. After Down-conversion and processing of the resulting 

combined signal is performed such as the signal received at each array element, including 

relative delays and differential amplitudes and phases, are detected without mutual 

interference [10]. The resulting element-level signals are then processed using conventional 

digital beamforming techniques including single/multiple beam steering and target detection, 

beam shaping and selective target/jammer nulling. 

B. Doppler extraction using Pulse Doppler Radar 

To have a theoretical model of Doppler spread we assume that transmitted signal ST 

(t) is a constant envelop phase modulated signal given by 

                     ST (t) = A.exp [ j (ωt + ψs(t))] (2) 

Where A is a constant, ω is the angular radio frequency, ψs(t) is the information-bearing 

baseband signal. We can also model the time varying random propagation medium having the 

transfer function p (t) given by 

                        p (t) = r (t) exp [ jψr(t) ]       (3) 

Where r (t) is the time-variable envelope of p(t) and ψs(t) the time-variable random phase of 

the propagation medium. The envelop of the random propagation medium r(t) can be 

separated into long-term or average fading m(t) and short term or fast  multipath fading ro(t) 

parts defined by 

                                 r (t) = m(t).ro(t)     
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 Considering the model of propagation medium to be multiplicative fading channel, the 

received signal SR (t) at the receiving end is the product of ST (t) and p (t) and can be 

expressed as 

               SR (t) = ST (t).p (t) = A.exp [j(ωt + ψs(t))] .  

r(t)exp[jψs(t)] = A.exp[j(ωt + ψs(t))].m(t).ro(t).exp[jψr(t)] 

        SR (t) = A.m (t).ro (t).exp [j(ωt + ψs(t) + ψr(t))]   (5) 

Here random-phase varying term ψr (t) in the expression of SR (t) given by (5) is the cause of 

Doppler spread. This random phase variation induces random frequency modulated (FM) 

noise at the receiver. 

C. Pulse compression  

Pulse compression techniques involve transmission of a long coded pulse and compression of 

the received echo using matched filter to obtain a narrow pulse [1, 2]. As a result, in an 

increased detection performance associated with a long–pulse radar system while still 

maintaining the fine range resolution of a short–pulse system. The matched filter maximizes 

the output signal to noise ratio (SNR) [1, 2,]. A measure of degree to which the pulse is 

compressed is given by the compression ratio defined as 

                                  𝑪𝑹 =
𝑻

𝝉
= 𝑻𝑩                         (1) 

                    Where, T= transmitted pulse length,  

                               𝝉 =
𝟏

𝑩
=  

Compressed pulse length, and B is the bandwidth of the transmitted waveform. For range 

resolution radar, a coded waveform or a sequence can be taken as 

 

                         𝑿 = 𝐱𝟎, 𝐱𝟏,𝐱𝟐,𝐱𝟑, …… , 𝐱𝑵−𝟏  (2) 

With a periodic autocorrelation 

 

                          𝒓 𝒌 =  𝐱𝒊
𝑵−𝟏−𝒌
𝒊=𝟏 𝐱𝒊+𝒌  

                      where k = 0,1,2, … . , N − 1 
 

For coded waveform to be good, the ambiguity function should have very large peak for zero 

shifts with very small side lobes in Doppler as well as range domains.  
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III. BLOCK DIAGRAM 
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The above block diagram includes:  

 Radar_LFM this model is used to generate Linear                

Frequency Modulation waveform i.e. a periodic waveform is generated at this point   

 Radar_Tx_DBS_2D  (Digital Beam Synthesis) this  

model is used to synthesize the main lobe along the direction determined by theta and phi. 

 Math Lang (Math Language Model) model uses Math  

Language equations to process input data and produce  

output data. 

 Radar_MultiCH_Tx  this model is the behavior  

simulation model of multi-channel transmitter. It’s a timed model which is used to represent 

analog/RF circuit digital implementation that involves the notion of time in  

its behavior. 

 Radar_Tx_Synthesis this model is used to synthesis 

the electric wave from plane array to far field observation point. Both rectangle array of 

equally spaced elements and user defined phase shift are supported. xi is the ith input signal, 

y(t) is the output signal, Ai is the phase to be shifted for the ith array element, N is the 

number of  input signals. 

 Radar_PhaseShift this model is used to add phase 

shift from the far electric field observation point to digital array antenna. Both rectangle array 

of equally spaced elements and user defined phase shift are supported. X(t) is the input 

signal, yi(t) is the ith output signal, Ai is the ith phase to be shifted, then 

 Radar_MultiCH_Tx  this model is the behavior  

simulation model of multi-channel receiver from RF to baseband. The model input is a timed 

input which is used to represent analog/RF circuit digital implementation that involves the 

notion of time in its behavior. 

 Radar_Tx_DBS_Measurement this model is used to 

Calculate the radiation pattern of the transmitter rectangle array antenna. Theta or phi is 

linear swept to calculate the corresponding square of voltages to show the radiation pattern 

with theta or phi. 
 

DETAIL DESCRIPTION OF MODEL: 

A. Transmitter:- 

Here at the transmitter polyphase (P4) code is used as the spreading code. After baseband 

generation the next step is beam formation. In this system, baseband beam formation has 

been considered. After DBF, the data for each of the element has been multiplexed since 

single up-conversion subsystem is a criterion of the system followed by IF level up 

conversion. The output of the IF level is being fed to the RF subsystem. In RF Subsystem, the 

signal is again up-converted to RF level using RF mixer. The RF signal is then amplified 

using amplifier and transmitted using Antenna. After RF conversion demultiplexing is a vital 

operation so as to provide feed for each antenna element. 

B. Receiver:- 

The output of the multi-channel is combined using a multiplexer. Then multiplexed 

data is first passed through a low noise amplifier which is followed by down-conversion from 

RF level to IF level and further IF to baseband level. Then the baseband data is again 

demultiplexed and forwarded to radar signal processing segment. 

C. Signal Processing:- 

 The different process of signal processing block is explained below 

 Correlation:- In cross-correlation it  measure of  
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similarities of the two waveform as a function of a time-lag applied to one of them. If the 

signals are identical, then the correlation is 1; and if they are totally different, then correlation 

coefficient is 0; and if they are identical except the phase is shifted by exactly 180*, then the 

correlation coefficient will be -1.the main application of correlation is that the 

incoming/received signal is correlated with the standard signal and a signal of this set which 

has maximum correlation with the incoming/received signal is only detected. 

 Constant False Alarm Rate:- Constant False Alarm  

Rate (CFAR) detection refers to common form of adaptive algorithm used in radar system to 

detect target returns against a background of noise, clutter and interference. The role of the 

constant false alarm rate circuitry is to determine the power threshold above which any return 

can be considered to probably originate from a target. 

 If the threshold level is too low, then more targets will be detected with the increased number 

of false alarm. Similarly , if the threshold level  is too high, then less targets will be detected, 

but the number of false alarm will also be low. 

 
Flow chart for velocity estimation 

 
 

IV. SIMULATION RESULTS AND DESCRIPTION 

This paper deals with the simulation of SSDBF Radar with 4X4 antenna system both at the 

transmitter and receiver side. The significant difference in this Radar and Conventional DBF 

Radar is that, convention DBF radar consists of multi RF channel where as SSDBF Radar 

system is a single RF channel Radar system. 
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Fig.1: Transmitted LFM signal 

 

 
Fig.2: Received LFM signal 
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Fig.3: Output of Pulse Compression 

 
Fig.4: Output of Pulse Doppler 

 
Fig.5: CFAR output 

Target detected at 200m 

Target detected at 200m 

Target detected 

at 200m 
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In this paper, taget detection and charecterization have been acomplished by using correlation 

and pulse doppler porcessing. Target detection and range estimation is accomplished by 

correlation processing and velocity is estimated by using pulse doppler processing.Further to 

impove the probability of detection the processed signal is passed through the CFAR 

processing. 

 

Velocity Estimation 

                                  Table 1: 

   Estimated Velocity versus Given Velocity- 

 

 

Distance (m) Given Velocity (m/s) Velocity_Estimate(m/s) 

200 200 205.994 

 400 423.117 

 600 612.992 

    

 

Fig.6: Velocity Estimation 

Here we observe that the given velocity with velocity estimated is increasing linearly at 

distance 200m 

Conclusion  

Radar systems for target detection and velocity estimation using Spread Spectrum Digital 

Beamforming have been developed and results are obtained. The model includes advanced 

Radar signal processing tools such as pulse compression, pulse Doppler and CFAR.  
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