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ABSTRACT: On this paper cognitive radio is described, discussed and compared with application outlined radio
(SDR). The two varieties of cognitive radio are offered and examples on both spectrum interweave and spectrum
underlay cognitive radio antenna systems are special. Reconfigurable filtennas are proposed as speaking antennas in a
MIMO setting for each cases of cognitive radio. The advantages of resorting to filtennas as well as toMIMO
configuration is proven and discussed herein. The more than a few antenna examples are designed, verified and when
put next with each different. Conclusions are drawn based on the provided outcome.
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I. INTRODUCTION

Different research communities have different views on the operation of a cognitive radio system. For example,the
RF-antenna community views cognitive radio as an upgrade of software-defined radio. The communication community
relates cognitive radio to dynamic spectrum allocation and sharing [1].

In fact, a cognitive radio system learns from previous experiences and channel activity and adapts itself based on
this information. Thus, the objective in designing a cognitive radio system is to create autonomous systems that
monitor the channel, decide and learn. After learning from past experiences, the cognitive radio system optimally self-
reconfigure itself to adapt to the observed RF environment in real-time. This will ensure that such a system operates in
the most suitable mode in order to achieve power and spectral efficiency under various RF conditions. In this paper, we
discuss the design requirements of the software controlled antenna systems for the two different types of cognitive
radio: the spectrum interweave and underlay [2]. In the interweave mode of operation, the cognitive radiosearches for
the unoccupied part of the spectrum (white spaces) and transmits without any power constraint. For this case, an
antenna structure is required to keep monitoring the spectrum Availability.

This antenna is referred to as the sensing antenna. A second antenna is also wanted to tune its working frequency
consequently. This antenna is called the communicating antenna. For that reason, in a cognitive radio system we must
identify two varieties of customers: the essential users who possess the spectrum and might access the channel at any
time and the secondary users who are gift whenever a principal person is inactive. Foremost customers have no
constraints on their transmitted vigor whilst the secondary users will have to transmit with out creating any interference
with already existing foremost customers [3], [4].For spectrum underlay cognitive radio, secondary users can
perpetually transmit their indicators inside the allowed interference degree set by using the predominant users. On this
case only a wideband antenna is needed. The wideband antenna should possess the capability to tune its notch
frequency situated on the essential customers’ undertaking. It's primary to notice that foremost and secondary
customers can share the identical channel. That is allowed most effective within the case when the most important
customers can preserve the interference precipitated by way of the secondary users. Fig. 1(a) suggests the difference
between the cognitive radio spectrum interweave and underlay. It is clear from Fig. 1(a) that in the interweave case, the
secondary users most effective transmit at idle frequencies at the same time in underlay, the secondary users transmit
consistently within the allowed interference levels.
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Frequency reconfigurable antennas are foremost for each cognitive radio systems. Designing frequency
reconfigurable antennas require correct integration of quite a lot of switching accessories into the antenna
structure.Most researchers incorporate switches akin to PIN diodes, RF MEMS, varactors into the radiating surface of
the antenna [5]-[6]. This constitutes a task seeing that large care must be taken when designing and placing the biasing
strains to restrict their results on the antenna radiation traits. Reconfigurable filtennas have additionally been offered as
a way to avert placing the switching components on the radiating antenna section however as a substitute within the

antenna’s feeding line or ground aircraft [1]. A filtenna is the combination of a filter and antenna. Most often the filter
is integrated within the feeding line of the antenna or in its floor plane [2], [3].

With the aid of utilizing filtennas, the unintended effects of the biasing lines are decreased and the antenna radiating
edges will not be disturbed. This may increasingly make sure a minimal fluctuation within the antenna radiation
characteristics. MIMO configurations of the awarded filtennas are additionally awarded to make stronger the efficiency

and reliability of the conversation link, exceptionally beneath fading conditions [4]-[6].This paper is split into the next
sections. In part I, a assessment between program outlined radio.
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And cognitive radio is discussed. The essential residences of a cognitive radio system are additionally in short
exact. A frequency reconfigurable filtenna for the interweave cognitive radio case is awarded in section |11, at the same
time the notch reconfigurable filtenna is distinct in part IVV. The MIMO headquartered reconfigurable filtennas for

both cognitive radio methods are studied in part V. A comparative gain knowledge of for the antenna specifications for
both cognitive radio techniques is unique.

Il. APPLICATION DEFINED RADIO VERSUS COGNITIVE RADIO

Given that the RF-antenna neighborhood acknowledges a cognitive radio method as an growth over application

outlined radio (SDR), it's principal to speak about the important thing variations and the relationship between these two
systems. SDR has developed due to the have to implement radios that can supportmultiple requisites and can also be
software controlled to operate over a large range of frequencies and over distinct modulation schemes and waveforms.
As for a cognitive radio approach, it will have to have the capacity to be trained from the observed RF atmosphere and

self-make a decision the way to reconfigure its hardware (together with the antenna constituents) in order to realize the
most appropriate mode of communication for any given channel [7].

To have a better working out of the relationship between these two platforms, a cognitive radio is defined as: “An
SDR that's mindful of its atmosphere, inner state, vicinity, and can autonomously alter its operations to obtain a number
of precise goals” [7]. As a result a cognitive radio procedure desires to be designed around SDR. That is why SDR

constitutes the bottom to realise cognitive radios. Fig. 1(b) indicates the overall design for a cognitive radio approach
where the SDR platform constitutes one in all its primary constructing blocks.

Venture 1: Spectrum sensing of the channel recreation Assignment 2: Reasoning and determination making to reap the
surest mode of operation challenge three: Self-finding out from the present and past selections in order to predict future
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effects. The cognitive engine in Fig. 1(b) acts because the brain of a cognitive radio procedure. The cognitive engine
must be able to participate in the following three main tasks:

venture 1 is valuable to the functioning of a cognitive radio process. The principal operate of venture 1 is to observe
and determine the alerts being sensed. The output of the spectrum sensing algorithm is used in task 2 to cause and
generate requisites to optimally configure the running traits (vigour, bandwidth, frequency, and many others.) at any
given time. The self-learning part in challenge 3 is foremost in achieving and implementing the cognition capability of
a cognitive radio system. Computing device studying algorithms (neural networks, help vector machines, genetic
algorithms, and many others.) are certainly what distinguish the cognitive radio from a simple SDR.
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The cognitive radio antenna system for both underlay or interweave state of affairs is controlled by using the
cognitive engine as proven in Fig. 1(b). The final result of challenge 2 specifies the right working/notch frequency for
the speaking antenna; the allowed transmit vigour for the primary and secondary customers as good because the
modulation scheme to be adopted. On this paper, the focus is to advise candidate antenna methods that can be utilized
in a cognitive radio atmosphere.

I1l. INTERWEAVE ANTENNA

In this section, a MIMO situated antenna method dedicated for the spectrum interweave cognitive radio
environment is discussed. The antenna approach includes a wideband sensing antenna that continuously monitors the
channel pastime and a reconfigurable filtenna that changes its working frequency situated on the most important
customers’ pastime [2], [3]. The reconfigurable filtenna is achieved by way of incorporating a reconfigurable band-
move filter within the feeding line of the antenna.

A. Reconfigurable Band-cross Filter

The band-pass filter includes a 50 stripline in the high layer. The stripline has a width of 5 mm and it is made of
three subsections separated by means of two gaps of width 2.5 mm. These gaps allow the filter to have the band-pass
habits. A T-formed slot of size 9 mm is etched from the core subsection. Two biasing lines of size 12.5 mm join the
center subsection to the ground of the filter. The filter is printed on a Rogers Duroid 5880 substrate with a dielectric
regular of two.2 and a peak of 1.6 mm. The complete dimensions of the filter are 30 30 mm .The bodily constitution of
the filter is shown in Fig. 2(a) and its corresponding simulated S-parameters are summarized in Fig. Three. From Fig.
Three, we conclude that this constitution behaves a a band-pass filter at 4.215 GHz. The band-move filter modifies its
running frequency via changing the length of the T-formed slot in the core subsection. This can be executed by means
of incorporating two PIN diodes (S1 & S2) inside the T-shaped slot. For suitable biasing of the PIN.
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Fig:The return loss for the sensing antenna structure.

B. The complete Antenna method structure

An interweave antenna approach should encompass a wideband sensing antenna to watch the principal customers’
exercise and a reconfigurable antenna constitution to enable the secondary users to obtain verbal exchange. On account
that such antenna approach consists of two radiating structures that work concurrently, additional care should be taken
to make certain that these two structures are very good remoted.
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The reconfigurable antenna constitution is got via integrating the band-go filter shown beforehand within the
antenna feeding line. Through utilizing this technique, the antenna is made reconfigurable founded on the mode of
operation of the built-in band-cross filter. The combo of the reconfigurable filter and the antenna is known as
reconfigurable filtenna. A predominant drawback that arises in wireless communications is the multipath fading. This
predicament has been some of the foremost disorders in contemporary wi-fi communications links. Cognitive radio
operates over a wi-fi spectrum and as a result it is essential to address this limitation in this paper. Diversity situated
MIMO antenna systems have been often called probably the most promising techniques in addressing multipath fading
and making improvements to the channel capability.As a result, a MIMO antenna procedure is regarded herein for
cognitive radio spectrum interweave.The physical constitution of the interweave antenna system under study is proven
in Fig. 4. The antenna approach consists of 4 ports. Two ports are committed for the 2 sensing antennas and the rest
two ports are used for the frequency reconfigurable filtenna.

A pair of a sensing antenna and reconfigurable filtenna combination is placed in the high layer of the overall
antenna constitution while the other pair is placed in the backside layer. The complete dimensions of the MIMO
founded interweave antenna method are 80 70 mm . The two reconfigurable filtennas encompass a partial ground of
dimensions 30 30 mm . The feeding traces for both filtennas include the reconfigurable band-pass filter with the
identical dimensions and the identical quantity of switches as mentioned earlier partially 111(a) of section IlI.

(a) (b)
Fig. 5. (a) The fabricated prototype top layer (b) the integration of the PIN diodes switches.

Simulation Versus Measured outcome for the overall “Interweave” Antenna process:Fig. 6 shows the comparison
between the simulation and the dimension for the sensing antenna reflection coefficient as well because the coupling
between the two sensing antennas. This plot corresponds to the case when all switches within the reconfigurable
filtenna are OFF. The sensing antenna is ready to quilt the band from three GHz until 6 GHz. The sensing antenna
needs to quilt the band of operation of the communicating antenna. As for the measured coupling, a maximum value of-
15 dB is executed.

This stage ensures that the 2 sensing antennas are good remoted. The assessment between the simulated and the
measured radiation pattern for the sensing antenna printed on the top layer are summarized in Fig. 7. This size is
completed at the same time the remainder three other ports are terminated through 50 . The provided information
corresponds to three unique frequencies for the sensing antenna and when all switches of the reconfigurable filtenna
are OFF. The measurements are taken alongside the plane. From this plot, we can realize that the sensing antenna
possesses an close to omni-directional radiation pattern.
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Fig. Eight shows the evaluation between the simulation and the measurement of the reconfigurable filtenna reflection
coefficient for quite a lot of swap combinations. A good contract is located between the simulated and the measured
data. The antenna alterations its running frequency centered on the mode of operation of the built-in band-move filter.
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Fig. 9. The simulated and the measured coupling between the (a) two reconfigurable filtenna (b) the reconfigurable filtenna and the
wideband sensing antenna.

One other parameter that is major to the operation of the overall cognitive radio antenna system is the coupling
between the two reconfigurable filtennas as good because the coupling between the reconfigurable filtenna and the
wideband sensing antenna. Fig. 9(a) shows the evaluation between the simulation and the dimension for the coupling
outcome between the 2 reconfigurable filtennas at the same time Fig. 9(b) compares the calculated and measured
coupling between the filtenna and the corresponding sensing antenna within the prime layer. The two plots correspond
to the case when both switches are OFF. One notices that the maximum coupling happens within the running band of
the reconfigurable filtenna. The measured maximum coupling between the two reconfigurable filtennas (-15 dB) is
reduce in magnitude than the one between the reconfigurable filtenna and the sensing antenna (75 dB). That is for the
reason that that the gap of separation between the reconfigurable filtenna and the sensing antenna is handiest 5 mm.
However, the space of separation between the 2 filtennas is better and their floor planes are also separated via the
reduce that is eliminated from the substrate. The radiation pattern for the reconfigurable filtenna that lies within the
prime layer of the overall cognitive radio antenna substrate is proven in Fig. 10 for the plane. This plot additionally
corresponds to the case when all the switches are OFF ( f=three.9GHz). A an identical pattern is bought for the two
remaining switch combinations.

IV. CONCLUSION:

In this letter, a brand new antenna design for cognitive radio is mentioned. It consists of two structures. The
primary one is a wideband antenna for channel sensing. The 2nd structure is a reconfigurable triangular-formed patch.
Both buildings are embedded into the identical susbtrate. A prototype antenna was fabricated to prove the prompt
approach. A coupling of less than -10 dB is proven for the complete frequency band. This antenna is a best candidate
for future cognitive radio verbal exchange. For future work, one can manage the rotation within the “reconfigurable
communicating” antenna by way of a subject programmable gate array (FPGA). Additionally, the design of the
“sensing antenna” will also be done to quilt a larger bandwidth(700 MHz-eleven GHz) .
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