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Abstract 
 

Robustness and efficiency are the two important parameters to judge the performance of any system or technology. 
Achieving these two characteristics in Moving Air Vehicle (MAV) is always a challenging task. Group of MAV’s are 
best suitable in aerial coverage applications. This group task has to take care of many common problems like ease of 
operation, inter collision avoidance and formation control. Relative positioning system is the best   to handle all these 
hurdles. On board relative position system is proposed in this paper. This information will enable all members in group 
to track the status of the other robots in terms of distance and the direction. Along with this, coherence measurement was 
also implemented to increase the robustness of the system. To extract and simulate the information from other robots, 
Fractional Fourier Transform was also implemented. Finally, we tested this method in real scenario with three different 
micro air vehicles. The design of the system and simulation results was also shown. 
 
Keywords: Moving Air Vehicle (MAV), chirps, Relative Positioning system, Fractional Fourier Transform, robustness and coherence 
measurement. 
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1. Introduction 
 
To accomplish a strange task, usage of multi robots is an 
interesting element in current scenario. For example, single 
flying robot may not give accurate coverage of defined 
location [1]. Instead of using one robot, if the designer uses 
the multiple flying robots, the efficiency will be high for the 
same task. The application of this field includes surveillance, 
rescue and other important fields. But designing of group of 
Moving Air Vehicles (MAV) is always challenging task due 
to its real time sink problems. To do a multi task, all 
operated flying vehicles have to coordinate and share the 
information. In this process the problems like collision or 
lack of formation in proper way may happen. Swarming is 
the process where every robot has to know the location of 
the other robot so that there is a chance of reduction in 
collision [7].  Relative positioning system is necessary to 
deal these cases but it depends on several constraints like 
weight or size of area to be covered. In this paper, the new 
approach is going to propose based on audio application. By 
using audio positioning system, the swarm will find the 
location of the other swarms. 
 
 
2. State of Art 
 
From the existed mechanisms, there are two possible ways 
to calculate the relative position of the other vehicles in 
defined communication system. They are, 

 
1. Communication of all swarms about their location 

to each other [2] 
2. By using exteroceptive sensors, we may calculate 

the exact distance between them. [4] 
 

In first method, to find the location of swarms we need 
Global Positioning System (GPS) or some other system [3]. 
GPS technology also has certain drawbacks with respect to 
condition. The conditions like Interference, jamming or low 
quality resolution may effect the communication between 
swarms. One of other drawback is cost effective and time 
consuming also. Due to all these difficulties, the second 
method was preferred in some applications [10]. Calculation 
of relative position of organized swarm is easy to apply. 
This technique is much suitable for the ground based 
missions. The efficiency of this system depends on several 
parameters which also include sensors and cameras. To find 
position of robot, we need to use large scale finder sensor 
and infrared sensor. Deployment of this set up for MAV has 
to consider the constraints like power consumption, weight 
and 3-D coverage [1]. In recent era, they applied this relative 
position system concept not only to ground swarms but also 
for MAV’s. to detect the large objects in the area defined, 
they used Laser Range finders. So that, it is possible to 
detect the objects in front of laser beam up to some meters. 
The drawback of laser finder is to be operated in single 
plane. The effective MAV requires 3-D coverage; hence 
they are not preferred in sensitive applications. [8] 
 Researches were also done by using optical sensor. By 
using this sensor, they calculated the position of the aircraft 
with respect to the principle aircraft in terms of elevation 
and azimuth angles. These sensors are sensitive with 
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contrast of light and defined field view (limited). If the 
target has more clutter features, these sensors failed to detect 
the target and in some cases they are detecting false targets. 
[7] 
 Doppler technology was also used in some countries to 
deploy effective MAV [6]. This technology is best in terms 
of detection of colliding objects. But, it is also facing several 
drawbacks. Some of the important drawbacks were limited 
field view and low resolution. [5] 
Hearing is one the most common sense to both animals and 
humans. With this sense only they are communicating 
themselves and also paying attention regarding any moment. 
This sense of audibility has not that much flexible in flying 
robots when compared to the vision. Advanced techniques 
like speech recognition allow some flexibility, but it too has 
certain limitation in operation. Researchers inspired from 
animals and based on that, they proposed concept of Inter-
aural Time Difference (ITD) which is also called as Time 
Difference of Arrival (TDOA). This method uses two 
microphones and they will calculate the delay by measuring 
the speed between two sound signals. To operate in broad 
environment, it is better to operate array of microphones 
with compatibility of acoustic sensors. [4] 
 
 
3. Proposed Method 
 
This proposed model explains relative position in group of 
MAV’S. This system has two main components. They are 
Target and perceiving robots. In a group of swarms, each 
swarm itself acts as perceiving robot and all other swarms 
will considered as targets. With this process, every robot has 
to be taken into account to make final decision. The 
following figure 1 represents the system of proposed model. 
To find the speed of the other robots, target robot will 
release chirps of defined rate and frequency. The system was 
already set up with the onboard microphone array. Hence, 
the other receiving robots received the sound waves 
produced by primary robot. This detection is also called as 
chirp detection and there is a separate unit for this in sound 
mixture. The purpose of sound mixture is to filter out all 
chirps and forward it to the coherent unit. In this unit, cross 
correlation was obtained by taking other microphone signals 
as inputs. With respect to the parameter time, this unit will 
give the information about similarity between signals. With 
this information, the designer obtains the information 
regarding TDOA.  
 

 
Fig. 1. Audio based relative positiong system 
 
 

 There is a possibility of occurring ambiguities in 
measuring the sounds from all microphone elements. To 
avoid that problem, it is preferred to estimate all range of 
frequencies and to define Band- Width. The chirps were 
generated in linear way by the chirp generator; these chirps 
are not only linear but also periodic in nature. By 
considering two moving air vehicles and one receiving 
robot, the sound wave and spectrogram were shown in 
figure2.  

 
Fig. 2. Sound waves and spectrogram of 2 targets and 1 perceiving 
robot 

 
 The chirp was detected by using the chirp detector by 
using template matching technique. The time window for 
this was calculated by Fractional Fourier Transform (FRFT) 
by using the following equation. 
 

x = 2
π
tan−1 y∗ fs( )  

 
 Where fs is the sampling frequency and y denotes the 
rate of chirps generated.  
 For coherence matching, we are using cross correlation 
technique. For N number of samples (always finite in length) 
the cross correlation was calculated by using the formula 
 

 
 
 Where = the time lag between the signals and p is the 
signal received by microphone. 
 But, in real case there is a problem of wide cross talk 
may exist. To avoid this problem, it is better to introduce 
weighting function. Introduction of this function may 
increase the performance of the system in several ways. 
Then cross correlation formula can be modifies as  
 

 
 
 The generation of chirps may be done in different 
domains. They are frequency, time and other domains. The 
following figure 3shows the comparison among them. 
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Fig. 3. Comparison of different domains of chirps 

 
 Let us consider the perceiving robot was fixed at ground 
and target robot was moving in air, then the GPS system is 
used to identify location of target. The relative 
measurements taken from the both GPS and Audio based 
system. If the considering parameter is azimuthal angle, then 
the its trade off with time is shown in following figure 4. 

 
Fig. 4. Trade off between Azimuth and time for GPS & Audio 
 
 If we calculate the difference between actual and true 
bearings and if we draw the histogram for expected and 
actual, it looks like as shown in figure. 
 

 
Fig. 5. Histogram of angular error between original and measured 
bearings. 

4. Experimental Results 
 
Let one robot has microphone array and the array consists of 
four elements of microphones. These microphones were 
used to record the sound from the nearest robots based on 
the defined chirp rate.  This set up is shown in the figure. 

 
 
 
 The position of these microphones will form tetrahedron 
and each edge has a width of 10cm. this width depends on 
area and application. The selected sample rate was 48khz. 
Piezo transducer was in contact with the target robot and it 
can generate the chirps in liner way. Based on pre defined 
way, the MAV will move automatically. By using on board 
processors, we can detect the air speed, altitude and other 
parameters. The calculation of parameters completely 
depends on the sensors what we placed on board.  On board 
gyroscope was used to measure the rolling information and 
pitch points of flying robot.  The following figure 6shows 
the path of different robots in the duration of defined time. 
Let us consider, the time duration was 25 seconds. 

 
Fig. 6. Path of target and perceiving robots 

 
 The relative azimuths of these robots were shown in 
following figure 7. 
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Fig. 7. Relative Azimuths of target and perceiving robot 

 
 

 The relative range and GPS based estimations were 
shown in following figure 8. 

 
Fig. 8. GPS based trade off between distance and time 
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