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Abstract—In this work, we present the complete design and 

prototype processes for a radar sensor that can be used for 

Through-The-Wall Imaging Radar applications. The simulation 

and optimization of the antenna element were done using CST 

Electromagnetic simulator software. The full array that was 

composed of 8-Vivaldi antenna elements aere also simulated and 

optimized using CST. The radar sensor was configured by the 8-

element Vivaldi array, RF transceiver, RF switch, micro-

controller and computer set-up. The final production of the radar 

sensor was presented and the integration steps of the sub units 

were shared. The good agreement between the simulated and the 

measured results for the antenna parameters demonstrate the 

success of the design and prototyping process.   

Index Terms—Remote Sensing; Through-The-Wall Imaging; 

Radar; antenna design; linear antenna array. 

I.  INTRODUCTION  
Through-the-Wall Imaging Radar (TWIR) has becoming an 

emerging technology for a variety of military and security 
applications [1-2]. The microwave frequency bands have been 
found to be useful for imaging stationary or moving targets 
behind walls thanks to their penetration ability to the walls and 
their sufficient resolution features for a reliable 
detection/imaging. High resolution in the range domain can 
easily be attained by using a wide frequency bandwidth of the 
transmitted waveform. Whereas, the resolution in the cross-
range dimension is usually much poorer due to limited number 
of receiver antennas in this direction [3-4].  

In this study, we set out to design and manufacture a radar 
sensor that can be used for detecting and imaging of stationary 
or moving targets behind the walls. Our radar sensor is 
composed of a linear array of transmitting/receiving antennas, 
an RF switch, a micro-controller, power supply unit and the RF 
transmitter/receiver.  

The paper is organized as follows: In the next section, the 
radar sensor configuration is introduced. In section III, the 
design and making of antenna element within the linear array is 
presented. The simulated and the measured results are 
compared for vital antenna parameters. In the forthcoming 
section, the design steps for the linear array is given and the 
final production of the array antenna is demonstrated. Again, 
the comparison between the simulation and the measurement 
after the production is provided to demonstrate the success of 

the manufacturing process. In the last section, the work is 
concluded and the usage of the radar sensor is discussed.  

II. RADAR SENSOR CONFIGURATION 
The block diagram of the radar sensor that was considered 

to be manufactured is shown in Fig.1. The main idea is to have 
enough receiver in the cross range direction to increase the 
resolution in this direction so that more localized radar images 
can be achieved in the TWIR radargram. For this goal, an 8-
element design has been thought to be adequate for a fair 
amount of resolution in the cross-range domain. When thinking 
of the size and the weight of the sensor, a design with more 
elements could produce some operational problems to the 
person that would use this device for TWIR applications.  

 
Figure 1. The block-diagram design of the radar sensor 

As it can be easily seen from the design in Fig.1, the sensor 
is composed of an 8-element linear antenna array, an RF 
switch, a microcontroller unit, an RF transmitter/receiver 
device and a computer. The details of the antenna element and 
the array are to be explained in section III and IV. The RF 
switch is chosen such that it can switch the terminal 
sufficiently fast so that a moving target is assumed to be almost 
steady for a period of switching the 8 terminals. In fact the 
selected RF switch (A-Info SP8T) [5] has a switching time 
interval of only 100 ns that is really good. A micro-controller 
unit (Arduino Mega2560) [6] is also used to control the RF 
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switch together with RF transceiver so that when the RF 
transceiver is sending/receiving the signal, only one terminal is 
open and the others are closed. A Matlab script [7] has also 
also been developed to control all the devices with a computer. 
Of course, we also needed to develop a power supply card to 
supply energy to the micro-controller card and the RF switch.  

III. THE ANTENNA ELEMENT 

A. Antenna Type Selection: 
Vivaldi antenna type [8] is chosen as the antenna element to 

be used within the sensor because of several reasons: (i) it is 
light weight since it is planar structure , (ii) it can be produced 
easily and (iii) It has directive features such as horn antennas. 

B. Designed Antenna Element: 
The Vivaldi antenna element is designed and simulated by 

the help of CST Studio Suite Electromagnetic Simulator 
Code® [9].  The antenna is designed and optimized to work 
between 4 GHz and 8 GHz. Also, we have put a requirement 
on the radiation pattern such that 3dB beam width had to be 
between 45° and 60° so that the sensor can see the targets in 
front for a sufficiently large look angle width. The designed 
Vivaldi antenna element is provided in Fig. 2. The parameters 
after the optimization is given in Table 1.    
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Figure 2. The designed Vivaldi antenna element geometry 

TABLE I.  OPTIMIZED PARAMETERS FOR THE ANTENNA GEOMETRY 

F D M W L E h s l r t 

35 2.6 19.9 70 127.5 27.1 22.6 1.5 7.4 6.5 6.8 

a. All parameters are in mm 

C. Prototyped Antenna Element: 
Once the design is finalized, the prototype of the antenna 

element was produced by using a PCB prototyping plotter 
machine (LPKF ProtoMat E33) [10]. During the fabrication, 
Rogers RT/duroid® 5870 was used as the substrate [11] for the 
antenna element. The produced antenna can be seen in Fig. 3.   

D. Evaluation of the antenna parameters : 
To assess the success of the design and also the production 

of the Vivaldi antenna element the simulation of the designed 
antenna in Fig. 2 and the measurement of the produced antenna 
in Fig. 3 are compared. For this purpose, the frequency 
bandwidth parameter is evaluated in Fig. 4. The back-scattered 
coefficient (S11) of the designed antenna element is given as the 
black-solid curve in Fig. 4. The result shows that the frequency 
bandwidth between 4 GHz and 8 GHz is successfully achieved 
in CST simulation of the geometry. The red-dashed line in Fig. 
4 corresponds to the measured S11 parameter of the produced 
antenna. The measurement was done by using Agilent 
ENA5071C Vector Network Analyzer. As it can be seen from 
the figure, comparison of the S11 curves of the designed and 
prototyped antennas demonstrates a good agreement.  

  
(a)                                   (b) 

Figure 3. The prototyped Vivaldi antenna element: (a) front side and (b) 
back side 

 
Figure 4. Back-scattered coefficient (S11) of the designed and produced 

Vivaldi antenna element 

Another antenna parameter that would be really important 
is the radiation pattern of the designed Vivaldi antenna 
element. That is because of the fact that the antenna look-angle 
should cover a horizontal coverage on the order of 45° and 60° 
so that any target inside a room should be seen by the radar. 
We also require a fair amount of vertical beam width on the 
order of 30° and 60° so that near movements at different 
heights can also be detected by the antenna. The simulated 
radiation pattern of the Vivaldi antenna element at the center 
frequency of operation (6 GHz) is depicted in Fig. 5. The 
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azimuth radiation pattern of the designed antenna for the peak 
elevation angle of θ=90° is drawn in Fig. 5 (a). As it can be 
seen from this figure that a 3 dB beam-width of 52.4° is 
achieved that is in accordance with the requirement that we put 
at the beginning of this research. The elevation radiation 
pattern of the designed antenna for the peak azimuth angle of Ø 
=0° is depicted in Fig. 5 (b). In this result, CST reports the 3 
dB beam-width of the Vivaldi as 46.1° that is again within the 
ranges that we have desired. The radiation pattern 
measurement of the designed antenna could not be done since 
we do not have the required accessories for the measurement 
set-up.  

 
(a) 

 
(b) 

Figure 5. The radiation pattern for the designed Vivaldi element at 6 GHz: (a) 
Azimuth (Ø) pattern for θ=90° and (b) Elevation (θ) pattern for Ø =0° 

 

IV. THE LINEAR ARRAY AND THE SENSOR 

A. CST Design of 8-element Vivaldi array: 
Having the single element is successfully designed and 

produced as presented in the previous section, 8 of this antenna 
element put aside together to form the linear array. To increase 
the directivity towards forward direction and suppress the back 
lobes, array geometry was cased with aluminum box. Dielectric 

side walls had to be put between each of 2 element Vivaldi 
elements to hold the array in the center of the box.  We have 
had PTFE (Ɛr = 2.1) material [12] in the Lab; therefore, we 
have inputted the characteristics of this material to the CST 
simulation. The constructed design is shown in Fig. 6.  Then 
the CST simulation was carried out to minimize the mutual 
coupling between the antenna elements such that we could 
keep the frequency bandwidth of the elements around 4 GHz. 
The S11 characteristics of the array elements are given in Fig. 7. 
In this figure, we can see that the back-scattering coefficients 
did not altered much due to array configuration. In fact the 
mutual coupling parameters (Sij , i≠j) are always less than -20 
dB for the whole frequency range (between 4 GHz and 8 GHz). 
The radiation pattern of the designed array has also been 
investigated. In Fig. 8, the radiation pattern for the 4th (middle) 
element in the array is given at 6 GHz.  In Fig. 8 (a), the 
azimuth radiation pattern of the element for the peak elevation 
angle of θ=90° is depicted. As easily seen from the figure, the 
side and back lobes of the standalone antenna element are 
considerably suppressed thanks to metal box. The beam of the 
pattern is almost between -30° and 30° that is as we desired. 
The elevation radiation pattern of the 4th antenna element for 
the peak azimuth angle of Ø =0° is plotted in Fig. 8 (b). Again 
the side and back lobes of the original single element design 
have been significantly mitigated due to metal casing of the 
array. The 3 dB beam-width of the elevation radiation pattern is 
46° that is again within the desired ranges. 

 
Figure 6. The 8-element Vivaldi Linear array (designed in CST) 

 
Figure 7. Back-scattered coefficient (S44) of the designed Prototyped 

Sensor: 
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(a) 

 
(b) 

Figure 8. The radiation pattern for the 4th element within the designed Vivaldi 
array at 6 GHz: (a) Azimuth (Ø) pattern for θ=90° and (b) Elevation (θ) 

pattern for Ø =0° 

B. Final prototype: 
The final prototyped sensor is shown in Fig. 9 where the 

sub-units such as the array, the RF switch, the micro-controller 
and the 5V power supply card can be seen. This sensor can be 
used either with frequency domain RF transceiver such as a 
Network Analyzer or a time-domain system. The usage of this 
sensor is explored in [13].   

V. CONCLUDING REMARKS 
In this work, we have designed and manufactured a novel 

radar sensor for detecting and imaging obstacles/persons 
behind the wall. The whole design from antenna element 
selection to final integration procedures of the sub-systems 
have been presented. The simulated and the measured results 
have also been given to ensure the success of the prototyping 
procedure.  

This sensor can be used either a Network analyzer or a 
time-domain system. The experiments conducted with this 
sensors and the results are presented in [13]. 

 

 
Figure 9. The prototyped sensor for TWIR applications 
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