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Abstract 
 

The aim of this paper is to propose a cost-effective smart 

antenna-based radar system that can be used for target 

localization, that aids in search and rescue operation of 

trapped human lives. The whole plan of action can be sub-

divided into three schemes, viz, development of a robust 

direction of arrival (DOA) estimation algorithm in a hostile 

environment; design, testing and measurement of the array 

of sensors for smart antenna; and implementation of the 

total scheme on a field programmable gate array (FPGA) 

platform. As per the FCC C-band classification, the 

frequency of operation is maintained between 3.7 GHz and 

4.2 GHz, to achieve better resolution of the image and 

Doppler shift. Utilizing the Xilinx FPGA Spartan-7 SP701 

board, the primary processes of the smart antenna system 

—such as the transmission and detection of RF signal are 

accomplished. This research and study demonstrate that a 

workable smart antenna system can be developed at a 

feasible cost and effort, that can be effectively used for 

direction finding and target localization in an inhospitable 

situation. 

 

 

1. Introduction 
 

This study proposes a narrowband, highly directional 

architecture of a radar imaging system based on smart 

antennas. In recent years, there has been an overwhelming 

global interest for sensing devices that can track and enable 

law enforcement, fire and rescue professionals, first 

responders, and defence forces to detect, identify, 

categorize, and track the whereabouts of people and 

moving objects that are concealed [1-5]. This technology 

(through the wall radar imaging or TWRI) can be 

investigated from the point of algorithms, modelling, 

testing, and system design by using smart antenna-based 

Space-Time Adaptive Processing (STAP) [6-9]. It requires 

study and analysis of the electromagnetic characteristics of 

the wall and materials, configuration and geometry of the 

antenna array, design of elements, and beamforming 

capabilities.  

Conventional radar sensing and imaging devices are 

mainly built on a single directional antenna, with either 

distributed or collocated transceiver systems [3, 4]. The 

transmitting pulse generally ranges in the ultra-wideband 

(UWB) spectrum. UWB short signal length provide some 

advantages in radar sensing and detection like better 

resolution, reduced passive interference effect (from 

materials, mist, atmospheric disturbances, rain, etc.), 

lessening of radar dead zone, and others. But UWB, 

intrinsically possess certain disadvantages too. Compared 

to other wireless technologies, UWB signals have a shorter 

range, therefore for effective detection of movements or 

lives beyond any opaque obstacles or wall , they must be 

placed very close to the obstacle. This is a general 

drawback in situations where long-distance connectivity is 

necessary beyond the wall, as in expansive buildings or 

outside, beyond a wall. Also, use of directive horn antennas 

increases the system cost.  

As an alternate of using a single directive antenna, 

utilizing a phased array system with some signal 

processing capabilities would yield significantly better 

results and efficiency in direction finding technique. These 

systems are popularly known as smart antennas or more 

recently, as multiple input- multiple output (MIMO) 

systems. A considerable improvements in wireless 

communication and radar tracking and detection are 

achieved by employing smart antennas with suitable 

algorithms for direction of arrival (DOA) estimation,  

spatial separation of signals and adaptive beamforming 

[10, 11]. For example, in radar tracking and TWRI 

applications smart antennas enable much more degrees of 

freedom (DOFs), accurate direction finding and better 

resolution capability for near coherent sources, at low 

computational complexity. Adjustments and modifications 

at the algorithmic level only, enhance the system to be 

more robust and efficient for target localization in hostile 

conditions (like low signal to noise ratio or SNR values, 

extreme multipath scenario or in the presence of high 

clutter). The achievement of adaptive beamforming in 

smart antennas contributes to enhanced tracking 

performance of mobile or quasi-stationary targets, as well 

as human hand and leg movements.   

Fig. 1 shows a schematic of a smart antenna system. In 

most practicable instances, the phased array is a planar 

array structure. This results in more reliable and acceptable 

DOA estimation outcomes, in determination of both the 

azimuth and elevation angular direction of the targets. The 

phased antenna array structure is connected to the adaptive 

signal processing block (array processor), which consists 

of variable filter coefficients or weights, and the adaptive 

algorithm unit, that controls and adjusts the values of the 

variable weights. The DOA estimation and adaptive 

beamforming performance depends  on the robustness of 



the adaptive algorithm developed. Standard blind and non-

blind algorithms developed over the years are methodically 

available in the literature and their references [10-12].  

In fig. 2, the DOA estimation and adaptive 

beamforming capability for tracking objects of the smart 

antenna system is depicted, that are behind walls or other 

opaque obstacles [13]. The dynamic beamforming 

algorithm (or the adaptive algorithm) would adjust the 

weights as per the changing environment so that the main 

beam is steered (or beam steering) towards the quasi-

stationary target and produce nulls (or null steering) 

towards intentional interferences or jammers.  

In this paper, a realistic, workable radar sensing device 

for through the wall imaging is proposed, using a smart 

antenna system, implemented on a FPGA board.  The 

Xilinx FPGA Spartan-7 SP701 system is proposed to be 

used that embed the smart antenna with the phased array 

and the algorithms for DOA estimation and adaptive 

beamforming. After being generated, the signal is 

amplified using power amplification and then transmitted 

using a C-band Vivaldi antenna. The received echo signals 

(reflected from targets) impinge on the Vivaldi array 

antenna from various directions, and the FPGA acquires 

the signals to estimate DOA and beamform adaptively to 

localize and track the targets. The idea of SAR radar is used 

to process the signals that are received. Then, the sampled 

signal is transferred to a work station (or personal 

computer) for the image generation and processing. 

 

2. The DOA Estimation and Adaptive 

Beamforming Algorithm 
 

The algorithm for direction finding and subsequent 

adaptive beamforming must be such that it should be able 

to detect near coherent targets efficiently in a hostile 

environment (i.e., at low SNR values, high multipath effect 

and in presence of clutter). Efficiency, in this case is 

ascertained by high probability of resolution, and low root- 

mean-square-error (RMSE) in resolving the targets at low 

SNR values, etc. Degrees of freedom (DOFs) should be 

moderate enough and should not be heavily dependent on 

the physical array aperture. Also, the computational 

complexity should be within the viable bounds. A recently 

developed methodology, based on the blind Constant 

Modulus Algorithm (CMA), which is capable of resolving 

multiple targets efficiently at a reasonable complexity of 

computation, is proposed to be used in this work. 

Experimental results have shown that the Multi-Target 

Least Square Constant Modulus Algorithm (MT-LSCMA) 

can also null-steer (or produce nulls in specific angular 

directions)  effectively to refute intentional jammers and 

clutters [9, 14, 15].  

In the above illustration (fig. 3), a schematic of blind 

approach of adaptive beamformer is depicted. Signals 

reflected from targets (or echo signals) and signals 

originating from jammers, impinge on the antenna array 

from various angular directions ��. The array output �, at 

the ��� snapshot is given by: 

 

���� 	 
� . 
��� 
 

where 
 	 ���, ��, … … ���� is the array weight vector, 

and 
���  is the received signal vector, which can be 

written as:  

 


��� 	 �. ���� � ���� 
 

where ���� is the vector of the impinging signals and ���� 

is the AWGN vector,  generated at each array element. The 

Fig. 1. A schematic of a smart antenna system or digital 

beamformer.  

Fig. 2. A schematic of a smart antenna used to locate a target 

beyond an opaque obstacle. Picture courtesy, [13]  

Fig. 3. An adaptive beamforming representation with blind 

algorithm 

(1) 

(2) 



matrix � is known as the steering vector matrix or the array 

manifold matrix that carry the information about the 

angular direction of the impinging signals. Using MT-

LSCMA, the direction of arrival (DOA) or location of the 

target/jammer can be found out by optimizing [9, 14]:  
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"
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where #�"�  is the steering vector. The beam-steering 

equation for weight updation  is given by [14]: 

 


 ≈ () **
+�. ���� 

 

where () 

 is the array correlation matrix.  

 

2.1. Simulation Results 

 
Numerical simulations are carried out with direction 

finding and refuting jamming directions in a laboratory 

setup, employing MT-LSCMA algorithm.  

The above figure (fig. 4) depicts a promising simulation 

result. The DOAs of two potential targets at 20. and 340. 

are identified and beam-steering along their direction is 

accomplished. Also, nulls are produced (null-steering) along the 

direction of jammers and/or multipath interferences. The whole 

simulation is carried out at SNR = −10 dB. 

 

3. Implementation by FPGA with Vivaldi 

Antenna 
 

The goal of implementing FPGA system is to provide 

the control function and incorporate the functionalities that 

the radar sensing system needs. In this work, it is proposed 

to use the Xilinx FPGA Spartan-7 SP701 board, Vivaldi 

antenna interfacing facilities [2, 16-18]. The working 

frequency range is fixed at as per the FCC assigned C-band, 

between 3.7 GHz and 4.2 GHz, to achieve better resolution 

of the image and Doppler shift.   

The actual board on which the smart antenna system is 

to be implemented is shown in fig. 5. The block diagram of 

smart antenna functions, put into effect on FPGA, is shown 

in fig. 6.  

4. Conclusion 
 

This paper briefly describes an implementation design of a 

radar sensing system, operated in C-band, utilizing the 

Xilinx FPGA Spartan-7 SP701 board. The application of 

the model finds suitability in the domain of through the 

wall radar imaging, in search and rescue operation of 

trapped human lives beyond a wall or concealed under the 

rubbles. The proposed model is distinct and more effective 

than the traditional models since it uses Vivaldi antennas to 

collect radar returns (or impinging signals) and uses an 

MT-LSCMA based smart antenna algorithm for DOA 

estimation, signal separation, and adaptive beamforming. 

The array output signals are processed using the concept of 

SAR radar. Finally, the image processing and generation is 

performed and observed in a workstation.  
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