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Abstract – Direction finding system can be utilized in radar, 

in sonar systems in order to find the direction of arrival (DOA) 

of signal of interest for the purpose of positioning of sources. 

The DOA information can be also used in advanced wireless 

communication systems for space division multiplexing access 

as well as for spatial channel modeling. Conventional direction 

finding system utilizes multi-antenna system or by single 

switched antenna followed by digital or analogue receivers and 

a digital signal processing block. We propose in this paper, a 

robust single channel direction finding system devoted to 

radar and positioning systems. The proposed solution is based 

on software defined radio receivers that follow us to digitalize 

directly radio frequency (RF) signals with low sampling 

frequency. The proposed system takes advantages of 

flexibilities, reconfigurabilites thanks to software defined 

architecture. The system is modelled and simulated for the test 

of its performance through the DOA estimate of signal of 

interest by employing the super-resolution algorithm named 

multiple signal classification (MUSIC). 
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I. INTRODUCTION  
 

All digital radio receiver solution in which receiver 

processes radio frequency signal in the “digital domain” 

and that could process a digital communication signal as in 

an analogue receiver appears as a promising solution in the 

near future thanks to technology evolution. This solution 

offers a lot of advantages such as the ease for evaluating 

different receiver architectures or configurations by 

software without hardware changing; the avoidance of 

nonlinear effects due to analogue components such as 

mixer, amplifier, demodulator; the reliability, the accuracy 

and the low-cost possibility of digital circuitry.  In addition, 

the digital calibration routines can be easily realized, so the 

digital solution offers an increase of resolution of the 

system.  In particular, with digital solution, it is possible to 

perform signal processing that is difficult or maybe 

impossible to realize with conventional analog receiver.  

     In this all digital software defined radio receiver 

architecture, an analog-to-digital converter (ADC) is ideally 

connected to the antenna as close as possible.  The RF signal 

received by antenna is digitized by this ADC and then a 

digital signal processor (DSP) performs all others tasks 

such as frequency conversion, filtering, demodulation, 

decoding and so on. The most critical point of this receiver 

architecture is the requirement of high speed sampling ADC 

that is sometimes not easy to realize and that has a high 

implementation cost compared to the conventional ADC. 

However, thanks to the evolution of technology, especially 

the RF CMOS one, this difficulty will be overcome. For 

instance, the recent hardware developments proposed in [1] 

and in [2] make this all digital software defined radio 

receiver appear as a potential solution in the near future. 

Direction finding (DF) systems of which primary 

function is to provide direction of arrival of signals of 

interest for the purpose of source localisation by exploiting 

the fact that an electromagnetic wave received by an 

antenna array reaches at each element at difference time 

instants can be utilized in radar, in sonar [3]-[14]. The DF 

systems can be categorized into two main types. The first 

implementation of a DF system involves a multi-channel 

DF ones using typically one receiver channel per antenna 

[3] – [9]. The signals impinging on all antenna elements are 

observed simultaneously by multiple receivers. A dedicated 

signal acquisition channel as RF analog receiver, digital 

receiver for each element of the antenna array is employed 

and then sophisticated algorithms are utilized for extracting 

source DOA information. The second structure is single 

channel DF systems that use a single receiver with a 

multiple antenna elements in the array along with some 

form of switching among the elements [10] [11]. In this type 

of system, incoming signals are observed in a manner over 

several different antenna elements in a sequence.   

The single channel DF systems offer several advantages 

over multiple channel systems in terms of size, weight, 

implementation cost and portability requirements. The 

primary advantage of a single channel DF systems using 

switch is to reduce hardware costs. In fact, in these systems, 

only one single active radio receiver is employed and they 

require fewer signal acquisition channels, therefore the 

implementation cost is reduced significantly. Another 

advantage is that a single channel switched system can be 

calibrated simply. The main drawback of a switched system 

versus a full-channel implementation is a time-accuracy 

trade off resulting from the smaller quantity of data 

observed by the multiple channel system over the same 

collection time. The single channel DF system offers 

characteristics similar to an antenna array. In these systems, 

a single receiver can be an analogue or a digital one. DF 

systems that utilize digital software defined radio have been 

investigated in recent years [12-14]. In these systems, the 

DOA are estimated with limited angle resolution.    

We develop in this paper a single channel direction 

finding system that consists of a uniform linear antenna 

array followed by an electronic switch and a single all 

digital software defined radio receiver architecture. The 

system allows us to find the DOA of RF signal of interest. 

The phase method is utilized for DOA estimate. In section 

II, we develop a robust single channel DF architecture as 

well as signal processing algorithm associated.  In section 

III, the simulation results are shown. A brief conclusion is 

given in section IV. 
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II. SYSTEM ARCHITECTURE AND SIGNAL 

PROCESSING ALGORITHM 
 

II.1. All Digital Software Defined Radio Single 

Channel DF System 
 

 
Fig. 1. Single channel direction finding system proposed 

 

Fig.1 presents a multi-antenna single channel direction 

finding system which is based on all digital software 

defined radio receiver. The system consists of a uniform 

linear array (ULA) of M elements followed by a high spreed 

RF switch and 01 all digital software defined radio receiver.   

It is assumed that there are K signals impinging on the 

antenna array. The RF switch can scan through all elements 

in the coherent time of the channel. The signal captured by 

each antenna element is directly digitized by an ADC with 

a high sampling speed in the SDR receiver. At the output of 

ADC, the discrete samples are obtained and then they are 

processed by a digital signal processing block with DOA 

estimation algorithm. In this DSP block, the complex 

envelops of signal are determined. The output data vector is 

organized and the DOA of signals of interest is estimated 

after the calculation of the correlation matrix of the output 

data vector. The DOA estimation algorithm can be based on 

conventional beam-forming method and on the super-

resolutions ones. The DOA resolution using the 

conventional beam-forming method is very pour and it is 

limited to Rayleigh criterion depending on M. The super-

resolution methods can overcome this limitation and give a 

very high angular resolution.  

II.2. Digital Signal Processing 
For simplification, let us consider one signal coming 

from direction-of-arrival   in azimuth plan impinges on 

the antenna array. For narrow band condition, the DOA of 

incoming signal represents a phase difference of signal 

measured at two consecutive elements, which is determined 

from signal complex envelops obtained by receiver. 

The signal received by antenna number 1 and after the 

ADC can be expressed as below: 

 
After that the RF switch changes to the antenna number 

2, the signal received by antenna number 2 and after the 

ADC is: 

 
where E1 and E2 are their amplitude. 

 is the phase difference of signal measured at two 

elements and it depends on the DOA: 

 
d represents the element spacing and  is the wave length.  

The same process at the antenna number M, the signal 

received after the ADC is presented as below: 

 

 
 In conventional analogue receiver, is extracted from 

complex envelops after I/Q demodulators. In the SDR 

receiver, it is obtained by signal processing in digital 

domain. The real discrete time signal reeceived by the 

antenna number i at the ADC’s output is transformed into 

discrete-time analytic signal by the Hilbert Transform [15]. 

 

 
 

HT denotes the Hilbert transform. 

From these analytic signals, it is possible to extract the 

phase difference of signal measured at two consecutive 

antenna elements.   

Another way to extract the phase information is that the 

real and imaginary parts of the correlation product between 

)(1 nx and )(2 nx are obtained as follows: 

 
and 

 
The complex envelop h(n) =              is therefore 

determined. The same procedure is performed for the other 

two consecutive antenna elements in the array. From the 

complex envelops which contains the phase information of 

signal of interest, the angle of arrival of the signal is 

derived. 

 In general case, there are K signals impinging in the 

antenna array, the complex envelops are calculated and then 

the output vector of the array is organized as follows: 

 
    From this obtained data, the corresponding covariance 

matrix in equation (8) is determined as: 

 
From the covariance matrix, a subspace-based method 

named multiple signal classification (MUSIC) is used to 

estimate the DOA of signals of interest [16]. This high 

resolution method assumes that the signals are incoherent 

and noise subspace and signal subspace are orthogonal.  

These subspaces are found from the eigenvectors of the 

covariance matrix Rxx. MUSIC exhibits peaks in the vicinity 

of the true DOA’s by relating noise subspace to signal 

subspace. The MUSIC algorithm can be expressed by: 

)()( njQnI 
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EN represents the eigenvectors associated with the noise 

subspace of the covariance matrix xxR . H denotes a 

complex conjugate transpose.  

 

And                                                                    is the Mx1 

steering or direction vector.  

     In case of coherent signals, the improved spatial 

smoothing pre-processing (SSP) method [17] is employed 

to “de-correlate” signals before using the MUSIC 

algorithm. In addition, the SSP is also used for the 

enhancement of the spatial resolution. 

 

III. SIMULATION RESULTS 
 

The system is modelled and simulated using Matlab. In 

the first simulation, six CW incoherent signals arrive at a 

ULA of 8 elements at the DOA of -50°, -30°, 5°, 10°, 25° 

and 40° are tested and the AWGN is added to the signal 

model. The CW signal is sampled at the speed so that there 

are 4 samples per period. Here the signal frequency is 121 

MHz corresponding to the period T of 8.2644 ns. The 

sampling period is set to 2.0661 ns, i.e. 4 points per signal 

period T. The number of snapshot is 2000 and the SNR is 

12 dB. For the localisation purpose, the CW signal is 

employed that requires a high speed sampling ADC. For the 

communication one, the sampling frequency is chosen so 

that there are at least 2 points per modulated symbol period. 

Fig. 2. presents the simulation result of these incoherent 

signals. We can see from this figure that the 6 signals are 

accurately estimated with the DOA of -50.5o, -29.5o, 4°, 

9,5°, 24° and 40°. 

 

 
Fig. 2. Simulation result of 6 incoherent signals at the 

DOA 

 

The second simulation is the case of coherent signals. In 

this one, five coherent signals arrive at the AOA of -40°, -

20°, 0°, 15° and 45° are simulated. The signals at the DOA 

of -40° and 45° are coherent each other and the SNR is set 

at 12 dB. The number of sample per period and the number 

of snapshots are 4 and 5000 respectively. 

Figure 3 presents the simulation results for DOA 

estimation of these signals with the MUSIC algorithm and 

MUSIC associated to SSP. It has been clearly seen that the 

MUSIC algorithm does not work for coherent signals. Here 

the two coherent signals are not detected. However, the 

angle of arrival of signals are well estimated with the DOA 

of –40o, -20o, 0°, 15.5° and 45.5° when the MUSIC 

algorithm is associated to SSP. 

 

 
Fig. 3. Simulation result of 5 signals at the DOA of –40o, –

20o, 0o, 15o and 45o (the signals at the DOA of -40° and 

45° are coherent each other) 

 

For the MUSIC algorithm, the number of RF signals must 

be known. For this requirement, we use the maximum 

description length (MDL) method to find the number of 

sources [18]. Figure 4 shows the estimated result of the 

number of signals for the second simulation. The lowest 

level in the horizontal axis corresponds to the number of 

signals detected. As we can see easily from this figure that 

the correct number of sources is found.   

 
 

Fig. 4. Number of sources estimation by MDL 

 

IV. CONCLUSIONS 
 

 All digital software defined radio receiver applied to 

multi-antenna direction finding system that could be used 

in many applications such as in radar, in sonar, in 

localisation systems etc has been investigated. The system 

composed of M antenna element uniform linear array 

followed by single all digital receiver is simulated for the 

test of DOA of RF signals. The DOA in azimuth plane is 

estimated using the super-resolution MUSIC algorithm.  
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The simulation results show that the DOA of RF signals can 

be accurately detected with this all digital solution. It was 

found that the system offers a compact, low implementation 

cost with super angular resolution. Only a single all digital 

receiver is utilized. Thus exploiting the structure proposed 

for DF is a promising, interesting one that provides some 

advantages over traditional DF such as low sampling speed, 

reconfiguration possibility and so on. The DOA 

information is highly demanded in many localisation 

applications such as in radar, in sonar, in the future mobile 

communication system and so forth. The solution 

investigated here can be extended to “Tri-directional 

finding system” i.e. for DOA estimation in both azimuth 

and elevation plane. In this one, a planar antenna array 

followed by an all-digital receiver array is needed and the 

steering vector for the estimation of angle of arrival 

contains the phase difference of signal of interest in both 

horizontal and vertical directions. 
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