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Abstract— The moving target detection and tracking method 
for passive radars is investigated. The original algorithm, which 
is based on the wideband ambiguity function calculation, is 
suggested. The effectiveness of the suggested algorithm is proved 
by experimental measurements. 
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I.  INTRODUCTION  

The passive methods of signal detection are very popular 
nowadays because of their effectiveness together with 
comparatively low cost of implementation. These methods are 
connected with use of self-radiation of the target in the radio 
frequency band or the sound, which is produced by the object, 
which is generating acoustic waves. No signal transmitter in 
this situation is required. 

These methods can be used in different fields of human 
activity, for example, for controlling robots, measurements of 
different noises, generated by airplanes, cars, railway transport, 
for the task of environmental protection. 

Recently, different self-guided vehicles and robotic 
aircrafts are becoming very popular. An automatic taxi has 
appeared and is operating now. Automatic helicopters 
(multicopters) are used to deliver goods to the consumer at 
home. Nevertheless, at the same time, these useful devices are 
increasing danger to surrounding people. Such a multicopter 
designed in the student design room of the electronics 
department at NAU is shown in fig. 1. 

That is why the problem of automatic detection and 
tracking of such objects is rather vital. The methods using the 
same mathematical apparatus and technical principles are 
applicable in radio astronomy. All radio telescopes can be 
considered to be passive radars. Usually signals of passive 
radars are unknown and can be regarded as random. That is 
why statistical signal processing must be used in this case.  

At the same time the signals which are used in passive 
radars are wideband. Therefore, the methods, which are used in 
wideband radars are useful [19]. 

 

Fig. 1. Automatic multicopter designed in student design room of electronics 
department at the National Aviation University. 

II. MATHEMATICAL PRINCIPLES 

A. The Problem Statement 

The problem of the passive radar design in general is based 
on the inverse problem solution for radio waves or acoustic 
waves in case of an acoustic radar. Mathematical and 
engineering methods exist, for example [1, 2], where such an 
approach is used. 

But also different methods, which in mathematical sense 
can be considered as approximations of the correct 
mathematical solution, are also widely used. Among them one 
of the most popular is the method based on the difference of 
arrival [3, 4, 5, 6, 7, 8, 9, 10, 17]. 

B. Geometrical Describtion of the Signal Detection Problem 

The geometrical description of the signal detection problem 
depends on the field parameters we are using for this solution. 
We can use all parameters but very often for technical 
simplification, we use only a few parameters. 

If only the time difference of arrival of waves at the 
antennas is used, the possible position of the object is limited 
by the locus of points, which are equidistant from antennas [6]. 
This locus is formed by the intersection of hyperboloids of 
revolution, which are formed by each pair of antennas  
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where ( 1, 1, 1)x y z are the coordinates of the first antenna 
(microphone),  

( 2, 2, 2)x y z  are the coordinates of the second antenna 
(microphone), 

( , , )x y z  is the supposed position of the target. 

 The intersection of hyperboloids forming the area of 
possible target position is shown in fig. 2. 

 

Fig. 2.  Intesection of hyberboloids. 

C. Difference of Arrival Estimation 

The difference of arrival problem can be formulated as a 
problem of estimating the time shift between random 
processes, which are models of the received signals. For the 
digital sampled signal, this problem can be reduced to the 
problem of testing the statistical hypothesis about the form of 
the multivariate probability density function.  

It can be proved, that after some assumptions, this problem 
can be reduced to the calculation of the correlation function. In 
order to obtain the estimate not depending on the possible 
velocity of the detected object the wideband ambiguity 
function is used instead of the correlation function [18]. 
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where x  and y  are signals in two antennas (microphones), 

c v

c v
α −=

+
 is a time-scale factor, which depends on the velocity 

of the target v  and the speed of sound (or electromagnetic 
wave) c , m  and n  are numbers of antennas (microphones), 
N  is the sample size. 

The coefficient α , which corresponds to the maximum of the 
ambiguity function  for definite value τ  is defined as 

 * ( ) argmax( ( , ))
α

α τ χ τ α= .  

As a final result we receive a spatial (time) ambiguity 
function that does not depend on α and thus on the speed of 
movement of the target 

 *( ) ( , ( ))Sχ τ χ τ α τ= .  

The final signal detection is done by thresholding of the 
maximum of the ambiguity function value with the decision 
threshold. For stabilizing the false alarm probability the 
nonparametric variants of the ambiguity function were 
suggested [12, 13, 14, 15, 16, 20].  

 Final target tracking is done by direct calculation of the 
ambiguity function value in all points of the observed area. 
This allows us to solve the problem in the case of multiple 
targets. 

III. EXPERIMENTAL RESEARCH 

The record of the sound produced by the multicopter 
during the flight is presented in fig.3. 

 

Fig. 3. Multicopter sound record. 

Each 10000 sample units are forming a time window in 
which the ambiguity function is calculated with the help of the 
Fast Fourier Transform (FFT) algorithm for the two 
microphone signals, which are shown in fig. 4. For the first 
signal time is presented in time samples of ADC and for the 
second signal it is recalculated into the corresponding distance. 
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The spectral densities of these signals are presented in fig.5. 
The calculated ambiguity function is demonstrated in fig. 6 and 
in fig 7 the spatial ambiguity function, which does not depend 
on the target velocity, is presented. In our experimental 
measurements we have used the signals from 3 microphones, 
using them as 2 pairs. Using the geometrical coordinates of the 
positions of microphones the projections of the spatial 
ambiguity functions to the horizontal plane  were calculated for 
each pair of microphones  (in fig.8 and fig.9) and  as well  the 
sum of the projections (in fig. 10).  

 

Fig. 4. The sound records for two microphones. 

 

Fig. 5. Spectral density of signals for two microphones. 

 

Fig. 6. Wideband ambiguity functioin of the signal of the multicopter in free 
space. 

 

Fig. 7. Dependence of the maximum of the ambiguity function on distance. 

 

 

Fig. 8. Projection of the ambiguity function  to the horizontal plane for the 
first pair of microphones. 

 

 

Fig. 9. Projection of the ambiguity function  to the horizontal plane for the 
second pair of microphones. 
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Fig. 10. The sum of projections of the ambiguity function to the horizontal 
plane for two pairs of microphones . 

After thresholding, we obtain the detected objects and their 
coordinates. The additional information about the trajectory 
can be obtained on the basis of analyses of changing the 
estimated coordinates in time. 

IV. CONCLUSIONS 

In the paper one of the methods of signal detection and 
tracking for passive acoustic radars has been developed. The 
use of the ambiguity function allowed obtaining the algorithm, 
which does not depend on the moving target velocity. 

The suggested algorithm was tested by practical 
measurements and enables us to measure the coordinates of the 
flying multicopter. 

The suggested technique can be used in the radio frequency 
band.  
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