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Abstract: An attempt to implement a single radar technology for the detection of dynamic nature of moving multi target 

detection in both short as well as long range distance. Conventional  vehicular radar system concentrate on the mono 

tasking.This innovative radar system will perfom based on space sectoring and spectral spreading technique having one at 

24.125 GHz as LRR and another at 9.4 GHz as SRR  will take joint decision synchronously for multi target detection. Due 

to minimum interference and low false alarm rate  and high resolution, speed of the two targets can be distingushed 

perfectly.Field trial of this Radar system consequences are also adequate in nonlinear dynamic environment. End to end 

SystemVue simulations are also going on. With this type of motivating effort, authors are trying to converge in a single 

Radar system to brand a complete E-Vehicle. 

 

INDEXTERMS— LRR (Long Range Radar) , SRR(Short Range Radar), ACC( Automatic Cruise Control), Doppler frequency. 

I. INTRODUCTION  

Development of modern ADAS( Advance Driver Assist System) system based on two kinds of radar namely SRR (Short 

Range Radar) and LRR (Long Range Radar), which are used for the purpose of detection of vehicle, its range and 

ACC(Automatic Cruise Control) operation. Further SRR is used for searching the vehicle in short range nearly about 50 meters 

and vehicular parking [1] by using a broad beam width of nearly about ±300or more. LRR used a beam width of  ±100 or less 

for searching the target vehicle within 150 meters. So intgration of both LRR and SRR called multi-wavelength vehicular radar 

[2] development. The performance of this innovative radar system is based on spectral spreading techniques and it generates 

two beams. One is narrow beam for long distance target detection and another is broad beam for detection in short range or car 

parking assist. Radiation pattern of this radar system is shown in Fig.-1. Field trial of this radar system is also adequate in 

nonlinear dynamic environment to know about its consequences.  

 

 

Fig.-1:Radiation pattern of multi-wavelength vehicular radar system 

 Block diagram of basic multi-wavelength radar system is shown in Fig.-2. Moving object at near distance can measure by SRR 

at 10.69 GHz but LRR at 24.125 GHz measure at far distance moving object accurately because beam width of LRR is narrower 

than SRR.  
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Fig.-2: Multi-wavelength vehicular radar at 24.125/10.69 GHz 

II. Development and  Experimental arrangement of Multi-Wavelength Vehicular Radar 

This section deals with the experimental as well as simulation results based on the relevant working equation. Also a flow chart 

for the purpose of interfacing between the multi-wavelength radar system and the Matlab software is developed. Two different 

radars development are initiated (one at X band and other at K band) to invoke multi wavelength mode. Radar one is driven by a 

Gunn diode having biasing voltage of 7v and current of  200mA at X band and the second one with a Gunn diode having biasing 

voltage of 5v and a current of 170mA at K band. Due to narrow beam width LRR could not detect the moving target at its blind 

zone beyond its illuminated beam width but due to wide beam width SRR radar can detect more targets within its broad angular 

range. Doppler frequencies are received followed by carrier demodulation at the output of the Doppler modules. After filtering by 

a low pass filter and amplifying the weak Doppler signals are fed to Matlab window for speed measurement. Another way the 

Doppler signal is verified by connecting with DSO. For both the case same results are obtained. The system was found successful 

in measuring instant velocity of any moving object which is either in near field or at far field. However the system was very 

portable, cost effective and of low power consumptions. So it is best suited  for vehicular radar and can  fit at the front and back of 

the vehicle for the detection of other vehicles, searching and tracking [3][4]. With this innovative radar system author has initially 

measured the speed of a dummy vehicle in laboratory and the result was successful. 

 

III. WORKING EQUATION OF THE SYSTEM 

For experimental purpose authors have taken two moving objects as small cooler fan with of same radius r. Using X and K 

band radar system author has able to measure the speed of moving fans successfully for different ranges. Now from general 

equation , the velocity of any vehicle measured in bi-static mode Doppler radar can be written as 

                                                    (1)                       

where c is the velocity of the light, = Doppler frequency,  = carrier frequency; where ; where is the radius of 

the table fan and  is angular velocity of the cooler fan which can be written as  

                     in  r.p.m. (2)    

Again author has converted this R.P.M in to linear velocity and have simulated in SystemVue software. The results were better 

in LRR than SRR radar which are depicted in fig.6.8 and fig.6.9.For experimental purpose technical specification of both radar 

module is tabulated in Table-1. 
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Table-1: Technical Specifications of Radar Module at X and K band 

      Technical Specifications of Doppler 

Radar Module at X band 

Technical Specifications of Doppler Radar 

Module at K band 

Supply Voltage + 7.0 V(DC) ±.1V Supply Voltage +4.5 to +6 V 

Supply Current to 

Gunn Device 

(130 -165) mA Supply Current to 

Gunn Device 

150 -250 mA 

Power Output at 7V 10mW Power Output at 5V 5dBm 

Operating Temperature 

Range 

0o C to +40o C Operating Temperature 

Rang 

-40 o C t0 + 80 o C  

Center Frequency 10.69 GHz Center Frequency 24.125GHz 

In this work we have converted this R.P.M to linear velocity and have simulated in SystemVue software using same data. The 

results were better in LRR radar than SRR radar[5] which are discussed in section IV. 

 

IV. Interfacing methodolodgy 

For extraction of Doppler frequency author has used interfacing methodology using Matlab software, which is shown in a flow 

chart of Fig.-3.Analog input data from radar receiver antenna is interfaced to the sound port of the PC installed with audio 

recorder and Matlab software. This analog data is first sampled with a sampling rate of 8000 sample/sec and each sample size was 

set to 8 bit length. Using Matlab command two channels were created for the data processing of X-band and K-band radar[6] 

receiver simultaneously.  A “recobj” variable is created using the function of audio recorder as mentioned in flow chart. Object 

recorder will collect the analog signal in 1 second. Now with the help of Matlab software command this signal has done FFT 

(First Fourier Transform) operation and the signal is converted to sample domain. All the sample data is stored in this variable 

and allow to pass information between   data acquisition engine and the hardware driver. After initializing all parameters, author 

has plotted the stored absolute value of sampled data on Matlab window. Using control loop author has checked the largest 

amplitude value of the sample for both channel. The frequency corresponding the largest power level is the 
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Fig.-3: Flow chart of multi target detection based on Matlab interfacing 

 

Doppler frequency of both channel. Both channel’s data are plotted in single Matlab window which is mentioned in Fig.4 and 

Fig.5 respectively in different moving situations. Fig.-4 and Fig.-5shows that FFT(First Fourier Transform) plot of two moving 

object which is mentioned in the graph. Green colour line shows the FFT plot of SRR for nearest target to the multi-wavelength 

radar and blue colour line shows the FFT plot of LRR for another target located in far field. Both peaks are almost same at 

doppler frequency but their power level is different due to diffeent location in range. For 24.125 GHz LRR radar system[7], 

Doppler frequency was 211.575 Hz and for 10.69 GHz SRR radar system measure doppler frequency at 208.65 Hz.Fig.-6.6shows 

that FFT(First Fourier Transform) plot of two moving objects which are seperated in different Doppler frequency.  
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Fig.4: Spectrum of  two moving objects in different speed 

 
Fig.-5: Spectrum of two moving objects in different speed 

 

Here SRR(X-band) radar system[8] detects the moving target at doppler frequency of 50.7Hz with corresponding angular velocity 

nearly equal to 630 rotation per minutes as mentioned in green colour line.Simultaneously LRR(K-band) radar system detects the 

moving target at doppler frequency of 210.6Hz which is mentioned by blue colour line. Angular velocity corresponding to that 

doppler frequency can be written nearly about 230 rotation per minutes. 

V.  EXPERIMENTAL AND SIMULATION RESULTS 

Now using this linear velocity parameter in SystemVue software a comparitive study of simulation and hardware results are being 

done.Evaluted SystemVue  and hardware results are tabulated in Table-2 for X band. 

Table-2: Table for velocity measurement using SRR(X-band) radar system 
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 CONCLUSIONS 

In present scenario 24 GHz radar system is the key enabling technology. This radar system may be the substitute of ultrasonic 

sensor. So radar system is more robust and the microwave modules can be mounted invisible behind plastic bumpers and this 

will be the major customer benefits. From this Hybrid Radar system it was not able to measure the range of the target easily 

because of CW mode. The only solution on the basis of experimental view is to develop Pulse Doppler Radar. So using 

SystemVue simulation I am compensating the lack of range detection. Lot of simulation is going on using Matlab and 

SystemVue software for prediction of single target as well as multiple target range using Digital Beam Forming (DBF) hybrid 

Radar system at 24 GHz and 77/79 GHz also. However hardware of this system was not bulky and power requirement is very 

much less, to operate the entire Multi-Wavelength Radar system. Secondly it will take very less space that is in size and it can 

fit in front bumper of the vehicles.  
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