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1. INTRODUCTION 
This paper proposes a low-cost solution for vehicles detection making use of passive radar concept. A 

Software Defined Radio (SDR) solution and commercial antennas have been used to realize a DVB-T passive 

radar. It can be employed in urban areas for traffic monitoring as well as an early warning system for vehicles 

detection within national parks in order to prevent illegal hunting. Thanks to the passive radar concept it is 

possible to exploit existent non-cooperative transmitters as DVB-T signals, in order to detect targets in areas of 

interest. This solution guarantees a continuous surveillance (24h/7days), without employing transmitters, 

therefore minimizing costs and power consumption. Passive radar systems exploit reflections from illuminators of 

opportunity (IO) in order to detect and track objects. A passive radar receiver generally presents two receiving 

channels denoted as reference and target channels. The reference channel is used to capture the direct signal from 

the transmitter thus providing a reference signal to be compared with target echo. The comparison is usually 

carried out by a cross-correlation between the reference signal and the target signal and it actually represents the 

basic process to detect targets with a passive radar. In this paper an analysis of the DVB-T signal is firstly 

presented together with a study of its capability as radar waveform. Afterwards an experimental setup is presented 

and analysed and finally some results of targets detection are shown. 

2. DVB-T SIGNAL 

A DVB-T transmission system has been simulated with a Simulink® model compliant to [1]. The transmitted 

signal is organized in OFDM frames (Orthogonal Frequency Division Multiplexing). Each frame consists of 68 

OFDM symbols. Each symbol is formed by a set of data subcarriers and includes pilots subcarriers and guard 

interval, which are used for receiver synchronization and transmission parameters estimation. The modulation 

power of scattered pilots has an average power which is higher than data sub carriers.  

3. AMBIGUTY FUNCTION EVALUATION 

In passive radar, the range and Doppler resolution are determined by the Ambiguity Function (AF) of the 

transmitted waveform s(t): 
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As shown in [2], the AF for a DVB-T signal shows a desired main peak and unwanted side peaks due to the 

presence pilot carriers. The side peaks can generate range Doppler ambiguities and mask targets. Figure 1 shows a 

comparison between simulated and real data acquired with a low cost SDR architecture. 
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Figure 1 - DVB-T AF: a) Range profile, b) Doppler profile, c) 3D view 

4. EXPERIMENTAL SETUP 

4.1 Equipment 

The equipment that has been used in this experiment is composed of commercial off-the-shelf low cost TV 

antennas and a software defined acquisition board with a RF front-end tunable from 800 MHz to 2400 MHz. 

The antenna used for the target channel is a Yagi-Uda antenna with a receiving gain equal to 18 dB and a Half 

Power Beam Width of 20 degree in the horizontal plane. A Yagi-Uda antenna with a gain of 15 dB has been 

employed for the reference channel. 

4.2 Scenario description 

The experiment scenario geometry is shown in Figure 2. The IO used for this experimental research is a TV 

transmitter located on Monte Serra (close to Pisa). The DVB-T channel exploited as an illuminator of opportunity 

operates at carrier frequency of 818 MHz. The receiver is placed at the Department of Information Engineering of 

the University of Pisa. The baseline length (transmitter-receiver distance) is about 14 km. Cars travelling on 

Aurelia roadway near the department (about 300 m from the receiver) have been considered as target of interest. 

4.3 SNR estimation 

Considering a bistatic configuration, the SNR in the integration time Tint can be evaluated by means of [3] : 
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where ERP=PtGt is the Effective Radiated Power , Pt is the transmitted power, Gt  is the transmission gain, Gr is 

the receiver gain, b is the bistatic radar cross section,  is the carrier wavelength, r1 is the transmitter to target 

distance, r2 is the target receiver distance, Fn is the noise figure, T0=290°K, k is the Boltzmann constant. 

Figure 3 shows the SNR map under the assumption of an Effective Radiated Power equal to 40 dB and the afore 

presented Yagi-Uda receiving antennas. It is worth noting that the ADC specifications (i.e.: number of bits N and 

sampling frequency fs) limit the receiver dynamic. As a consequence, the Direct Path Interference (DPI) level on 

the target channel causes a limitation to the target detection capabilities. The blue contour in Figure 3 represents 

the detection range given by the hardware configuration employed. 

 

 
 Figure 2 – Scenario geometry Figure 3 - Expected SNR map 

4.4 Range Resolution and Doppler Frequency 

In a bistatic geometry, the distance receiver-target can be obtained by means of the following formula [5]: 
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where L is the length of bistatic baseline, R is the angle formed between North and the target position with 

respect to the receiver, and R is the transmitter-target-receiver distance. Given the geometry of our experiment, the 

range resolution is around 25 m. The bistatic Doppler frequency is given by [6]: 
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where v  is the target velocity vector. Within the distances of interest (200-400 m) and under the assumption that 

car velocities range between 10 and 70 km/h, the expected maximum Doppler frequency is about 50 Hz. 
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4.5 Experimental results 

A photo taken at the same time of the data acquisition is shown in Figure 4a. The Cross-Ambiguity Function 

(CAF) presented in Figure 4b has been obtained by using pre-processing technique in order to reduce clutter echo. 

Some details are shown in Figure 4b for the detected targets. The truck echo is easily recognizable as the strongest 

echo at a distance equal to 351 m with a positive Doppler frequency equal to 30.7 Hz (i.e.: about 50 km/h). 

Moreover, some car echoes present themselves with negative Doppler frequencies as the cars were travelling 

along the opposite direction. The strong echo placed at 420 m from the receiver it is not due to stationary clutter 

because its Doppler frequency is 5 Hz, as shown in Figure 4b. It is caused by a number of cars with a very low 

speed that are approaching or departing from a traffic light ruled crossroads. 
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Figure 4 – Experimental scenario: a) Scenario’s snapshot during the acquisition, b) CAF after pre-processing on 
reference channel 

5. CONCLUSIONS 

Experimental results conducted with very low-cost equipment have proven the feasibility of passive radar systems 

for vehicles monitoring. Specifically, results have shown that DVB-T transmitters are suitable illuminators of 

opportunity for detecting vehicles with different velocities. Further experimental measurements in a costal 

environment for short-range maritime surveillance are planned. Future works will also focus on multi-

source/multi-receiver configurations together with the implementation of automatic target detection techniques. 
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