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Abstract: - This paper presents an antenna system combining sensing and communication tasks, to be 

implemented into the RF front-end for cognitive radio systems. The sensing task was performed by the means of 

an ultra-wideband quasi-omnidirectional antenna. Whilst, the communication task was ensured by a narrowband 

antenna. Both antennas were designed on the same layer of a FR4 substrate. Therefore, the isolation between 

them must take into consideration. The mutual coupling was less than -15dB over the whole frequency bandwidth. 

The proposed sensing antenna covers a wide range frequency bands from ranging 2 to 5GHz. Whilst, the 

communication antenna operates at 2.8GHz. The whole antenna system was designed, fabricated, and measured. 

Measurement and simulation results are in good agreement, which prove the proposed structure. 
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1 Introduction 
Nowadays, the exponential growth in terms of 

wireless users and bandwidth-hungry applications 

and services, such as video conferencing and video 

streaming, introduces a significant issue for wireless 

communication systems. Given that all radio-

frequency (RF) resources are already allocated by the 

Federal Communications Commission (FCC). 

Nevertheless, according to a recent measurements 

done by the FCC [1], the usage of spectrum is 

inefficient which provides a lot of spectrum holes, 

known as white spaces. These measures show, in 

fact, that a very important parts of spectrum remains 

underutilized or unused for 90% of time [2]. To 

overcome this issue, the dynamic spectrum access 

(DSA) technique has been proposed by the FCC [3]. 

The DSA technique can be considered as a wise 

solution to overcome the spectrum scarcity. It 

consists of exploiting the existing RF spectrum in an 

opportunistic manner, in order to detect the white 

spaces and then use them, so that the spectrum 

resources will be exploited in a more efficient way 

[4]. To bringing this solution to reality, many 

solutions have been put forth. One of the proposed 

solutions is the cognitive radio (CR) [5]. CR is an 

intelligent system which is able of continuously 

supervise the spectrum (sensing task), in order to 

detect the white spaces. When the CR system detect 

the free available frequency bands, it tunes 

dynamically its parameters to communicate within 

these unused frequency bands (communication task). 

Thus, the RF front-end of such system must ensure 

its main functionalities. Which are the sensing and 

communication tasks. To ensure the sensing task, the 

antenna must operate over a wide range of frequency 

bands, in order to cover almost all spectrum bands as 

possible. Although, to ensure communication task, 

the antenna must behave as a narrowband antenna, in 

order to focus power at the desired channel 

bandwidth. According to literature, the antennas used 

in CR applications can be divided into two categories 

[7], the one and two-port structures. The first 

category consists of using one antenna that can be act 

as an UWB or narrowband, depending on the 

requested task [8]-[10]. While, the second category 

consists of using an antenna system which contains 

two antennas [11]-[13], one for sensing and the other 

for the communication task. The second category 

exhibits good performances in terms of the 

independence of each task, because it can provide 

simultaneously the sensing and communication 

tasks. Contrariwise in the one-port structure, the two 

tasks cannot performed simultaneously at the same 

time. Nevertheless, the two-port structure provides 

one drawback which is the mutual coupling between 

the two elements. Therefore, the proposed structure 

must properly designed in order to get more isolation 

between the both antennas. 
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All papers presenting the integration of 

narrowband/UWB antennas have been recently 

reported in literature. In [14], an UWB disk 

monopole antenna and narrowband antenna designed 

on each side of substrate has been presented. To 

enhance the isolation between them, a microstrip 

open-loop resonator was used in order to introduce a 

band-stop characteristic. The narrowband antenna 

uses the disk monopole as a ground plane. As well 

for [15], the authors introduce a two-port antenna 

system that integrates two antennas, each one 

designed on a side of substrate. In order to get the 

narrowband response, two slots are used to act as a 

band-pass filter to suppress frequencies outside the 

desired band. The narrowband antenna operates 

between 5 and 6GHz. While, the UWB antenna 

covers from 3.5~8GHz. The one-side antenna design, 

was presented in [16]. The UWB and narrowband 

antennas were designed on the top side of substrate. 

The UWB antenna covers the spectrum from 

3.1~11GHz. Whilst, the narrowband response was 

performed by two reconfigurable triangular-shaped 

elements. By rotating them, the narrowband antenna 

operates at 5.3~9.15GHz (position 1), and 

3.4~4.85GHz (position 2). However, this design need 

to be rotatable controlled by a field-programmable 

gate array (FPGA), which makes it very expensive.  

In this paper, an antenna system which can be 

suitable for RF front-end of cognitive radio systems 

is designed, simulated, fabricated, and measured. The 

antenna structure was designed on a single and cheap 

FR4 substrate, with an overall size of 

100x65x1.58mm3. The antenna structure consists of 

two antennas fed by a coplanar waveguide (CPW) 

lines, and designed on each side of substrate, as 

shown in Fig.1, in order to get more isolation 

between them. The sensing task was performed by 

the UWB antenna which covers a wide range of 

frequency bands from 2~5GHz. While, the 

communication task was ensured by the means of a 

narrowband antenna which can operate at 2.8GHz. A 

good isolation has been achieved between the two 

antennas, which is better than 15dB in the whole 

frequency band. A prototype of the proposed antenna 

structure was fabricated and measured. The 

comparison between the simulated and measured 

results shows good agreement, which prove the 

feasibility of the structure to be integrated into the RF 

front-end CR systems. 

 

 

2 Antenna System Geometry  
The configuration of the proposed antenna system is 

shown in Fig. 1. The two antennas and its ground 

plane were designed on the top side of a 1.58mm 

thick FR4 substrate with dielectric constant ℰ𝑟 = 4.3 

and loss tangent φ=0.02,  the total space occupied by 

the entire system is 100x65x1.58mm3. The reason 

behind the choice of the substrate is the low-cost, 

low-loss and their availability in the market. As 

mentioned above, the sensing and communication 

tasks, were performed by the means of the UWB and 

narrowband antennas, respectively, and were fed by 

two CPW lines, as shown hereafter. The CPW 

technology has been chosen among other 

technologies, due, in fact, to two reasons. Firstly, to 

create the ground plane on the top side of substrate, 

in order to get less mutual coupling between the two 

antennas. And in the other hand, given that as future 

work the design will incorporate active and passive 

components, the CPW technology makes the 

integration of electronic components very easier than 

the microstrip technology, since it prevents the costly 

and inductive via holes [17]. 

 
 

 

 

 

 

 

 

 

Fig. 1. Structure of the proposed antenna system. 

As aforementioned, both antennas were fed by CPW 

technology. In order to get 50Ω input impedance, the 

dimensions of the feed line width as well as the two 

gaps were calculated using equations mentioned 

hereafter [17].  
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𝑤𝑡 = 𝑤 +
1.25×𝑡

𝜋
× [1 + ln (

4×𝜋×𝑤

𝑡
)]  (5) 

𝑠𝑡 = 𝑠 −
1.25×𝑡

𝜋
× [1 + ln (

4×𝜋×𝑤

𝑡
)]   (6) 

Where w, g, h, ℰ𝑟, and t, are the feed line width, the 

gap, substrate height, the permittivity, and the metal 

thickness, respectively. K(K) and K’(K) represent the 

complete elliptic integral of the first kind and its 

complement.   

By using these equations and those mentioned in 

[18], the dimensions of the narrowband antennas 

were carefully calculated, in order to operate at the 

desired frequency. The gaps between the antenna and 

the ground plane were optimized by the means of the 

electromagnetic (EM) simulation software CST 

Studio Suite. The real and imaginary parts of the 

input impedance were presented in Fig. 2. It can be 

clearly observed that the real part presents different 

values of 50Ω at different frequencies. Since the 

imaginary part of the impedance represents power 

that is stored in the antenna near-field, which is non-

radiated power, thus it must be canceled. The only 

frequency that provides 50Ω impedance (zero 

impedance) is 2.8GHz, which verifies the good 

matching around this frequency, as we can concluded 

from measurement. 

 

 
Fig. 2. The real and imaginary parts of the narrowband 

antenna impedance. 

For the UWB sensing antenna, the width and the gaps 

dimensions were also calculated using equations 

mentioned before. While, the radius of the circular 

disc was calculated by the means of the equations 

mentioned hereafter [18].  

𝒓 =
𝑭

{𝟏+
𝟐×𝒉

𝝅×𝓔𝒓×𝑭
[𝐥𝐧(

𝝅×𝑭

𝟐×𝒉
)+𝟏.𝟕𝟕𝟐𝟔]}

𝟏/𝟐    (7) 

 𝑭 =
𝟖.𝟕𝟗𝟏×𝟏𝟎𝟗

𝒇𝒓×√𝓔𝒓
     (8) 

As we can see from Fig.1, the two antennas were 

separated by the ground plane, and this in order to get 

more isolation between the two elements. Their 

dimensions are given in Table 1. 

Table 1. The antenna system dimensions (in mm).  

L W Ws gs r Ls1 Ls2 Lp 

100 65 4 0.5 15 14 20 40 

 

 

3 Measured and Simulated Results. 
The antenna system was simulated using CST Studio 

Suite. The prototype of the structure was fabricated 

and tested for scattering parameters using an Anritsu 

Vector Network Analyzer model # MS2028C at 

Antenna and Microwave Lab at INPT. A photograph 

of the fabricated prototype is depicted in Fig.3.  

 

Fig. 3. Photograph of the fabricated prototype. 

The proposed UWB sensing antenna covers large 

frequency bands ranging from 2 to 5GHz, which is 

85.71% around the center frequency 3.5GHz. The 

simulated and measured reflection coefficient for the 

UWB are compared in Fig. 4. The measurement 

results are in close agreement with the simulated 

ones. The discrepancy between the two results may 

be explained by the inevitable proximity of SMA 

connector to the feed line and the slot of the CPW, 

and also may be due to the tolerance in 

manufacturing. It is clear, from Fig. 4, that around 

1.5GHz, a resonant frequency was appeared. And this 

can be caused by the capacitive and inductive effects, 

which are might achieved by the small gap between 

the feed line and the ground plane, and also by the 

edge effects. 

The narrowband communication antenna operates at 

2.8GHz. As shown in Fig. 5, the measured and 

simulated reflection coefficient show that we obtain 

a narrow bandwidth and good matching around the 

desired frequency, 2.8GHz, which are about 400MHz 

and -35dB, respectively. The measured and simulated 

results show, in fact, a very good agreement, thus 

verifying the proposed structure. However, a small 

Re=50Ω; Im=0Ω 
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discrepancy was observed at higher frequencies, 

which is due to parasitic capacitance created across 

the gap sides. 

 

Fig. 4. Simulated and measured reflection coefficient for 

the UWB sensing antenna. 

 

Fig. 5. Simulated and measured reflection coefficient for 

the narrowband antenna 

Since both antennas were designed on the same side 

of substrate. Therefore, we must take it into account 

the isolation, which is a very required feature. In 

order to measure the coupling between the two 

antennas, the transmission coefficient is measured. 

Fig. 6 depicts the isolation between the UWB sensing 

and narrowband antennas. As we can see from the 

measurement and simulation results, the isolation is 

better than 15dB throughout the whole frequency 

bandwidth. Which exhibits a good isolation and low 

mutual coupling between the two elements. 

 

Fig. 6. Simulated and measured transmission coefficient 

for the narrowband antenna 

 

        a             b 

 
                    c                  d 

 
                     e                 f   

 
g 

Fig. 7. Radiation patterns for UWB sensing antenna at (a) 

2GHz, (b) 2.5Ghz, (c) 3GHz, (d) 3.5GHz, (e) 4GHz, (f) 

4.5GHz, and (g) 5GHz. Solid: xz plane (Phi=0); circle: yz 

plane (Phi=90). 
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As aforementioned, the sensing task requires a wide 

bandwidth antenna to cover different frequency 

bands. But another basic required feature of the 

sensing task is the omnidirectional radiation pattern; 

in order to scan the environment in terms of space 

(geographic location) and RF spectrum by covering 

different angles. The computed 2-D gain patterns of 

the UWB sensing antenna in the yz and xz planes at 

different frequencies are presented in Fig. 7. At all 

these frequencies, the sensing antenna presents a 

quasi-omnidirectional feature. The peak gain at 

2.5GHz, 3.5GHz, 4.5GHz, and 5GHz are 4.22dBi, 

4.59dBi, 6.83dBi, and 7.38dBi, respectively.  

The UWB sensing antenna exhibits the same 

characteristics as the printed circular monopole 

antennas, which is the quasi-omnidirectional 

radiation pattern. Nevertheless, in the yz plane 

(φ=90º) an asymmetric with respect to x-axis is 

noteworthy. As we can see, the level of radiation is 

lower at θ=-90º compared to θ=90º. And this can be 

explained simply by the localization of the 

narrowband antenna in this direction, which 

significantly affects the UWB behavior. However, 

the radiation patterns at different frequencies satisfy 

the omnidirectional feature.  On the other side, the 

computed radiation patterns of the narrowband 

antenna at its resonant frequency in the xz and yz 

planes, are shown in Fig. 8. These patterns were taken 

at the operating frequency, 2.8GHz. The peak gain is 

about 6.05dBi, which is greater than the UWB 

antenna ones.  

 

 

Fig. 8. Radiation patterns for narrowband antenna at 

2.8GHz, in xz cut (Phi=0) and yz cut (Phi=90). 

 

 

4 Conclusion 
In this paper, a simple and new antenna system for 

cognitive radio front-end is presented. It consists of 

two antennas. The first one is a quasi-omnidirectional 

ultra-wideband antenna for spectrum sensing. The 

UWB sensing antenna covers large frequency bands 

from 2~5GHz. The second one is a narrowband 

dipole antenna responsible for communication at the 

desired frequency, 2.8GHz. Both antennas were 

designed on the same side of cheap FR4 substrate, to 

get more compactness. In order to prove the 

feasibility of the proposed structure, a prototype 

antenna was fabricated. A mutual coupling of less 

than -15dB was achieved over the whole bandwidth. 

The good agreement between simulated and 

measured results show, in fact, that the proposed 

antenna system is a best candidate to be integrated 

into the RF front-ends for cognitive radio systems. 

Table 2, summarizes the performances of the 

fabricated proposed antenna system.  

As future work, one can integrate a passive and active 

components into the narrowband antenna, in order to 

achieve the frequency reconfigurability in such way 

to get the antenna operates at different frequencies.  

 
Table 2. Antenna system performances 

 
Bandwidth 

(GHz) 

Center 

frequency 

(GHz) 

Peak 

gain 

(dBi) 

UWB 

Sensing 

Antenna 

3 3.5 4.1 

Narrowband 

Antenna 
0.4 2.8 6 
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