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Introduction 

In view of explosive growth in the number of digital 
cellular subscribers, service providers are becoming 
increasingly concerned with the limited capacities of 
their existing networks. This concern has led to the 
deployment of smart antenna systems throughout 
major Metropolitan cellular markets. These smart 
antenna systems have typically employed multiband 
technologies, which have been shown, through 
extensive analysis, simulation, and experimentation, 
to provide substantial performance improvements in 
FDMA, TDMA and CDMA networks. Multiband 
architectures for FDMA and TDMA systems provide 
the straight-forward ability of the smart antenna to 
be implemented as a non-invasive add-on or 
appliqué to an existing cell site, without major 
modifications or special interfaces. This paper mainly 
concentrates on use of smart antennas in mobile 
communications that enhances the capabilities of the 
mobile and cellular system such as faster bit rate, 
multi use interference, space division multiplexing 
(SDMA), adaptive SDMA, increase in range, multipath 
mitigation, reduction of errors due to multipath 
fading, best suitability of multi-carrier modulations 
such as OFDMA. The best application of SAs is its 
suitability for demand based frequency allocation in 
hierarchical system approach (flexible antenna 
pattern are achieved electronically and no physical 
movement of receiving antennas is necessary). 

Classification of Smart Antenna     

 

Types of Smart Antenna 

 Switched Beam Smart Antenna 
 
The switched beam system comprises only basic 
switching between separate directional antennas or 
predefined beams of an array while enabling high 
directivity and gain [2]. Switched beam systems can 
be further divided into two groups: single beam and 
multi beam directional antennas. In single beam 
directional antenna systems, only one beam is active 
at a given time. No simultaneous transmissions are 
allowed, because in this system there is only one 
transceiver as shown in Fig.2 (a). On the other hand, 
multiple beam directional antenna system is an 
example of Spatial Division Multiple Access (SDMA) 
system. Here, each directional antenna can be used 
and transmissions are allowed at the same time and 
frequency. The number of beams is equal to the 
number of transceivers as shown in Fig.2 (b). 

Abstract 

The adoption of smart / adaptive antenna techniques in future wireless systems have a significant 
impact on the efficient use of the spectrum, the minimization of the cost of establishing new wireless 
networks, the optimization of service quality and realization of transparent operation across multi 
technology wireless networks. This paper presents overview on smart antenna (SA) system. SAs can 
place nulls in the direction of interferers via adaptive updating of weights linked to each antenna 
element. SAs thus cancel out most of the co-channel interference resulting in better quality of 
reception and lower dropped calls. SAs can also track the user within a cell via direction of arrival 
algorithms. This paper also presents the classification and types of smart antenna. 

Keywords: Smart / Adaptive Antenna; Wireless; Beam forming; DSP; Diversity. 



 

 
Adaptive array smart antenna 
 
The second technique is adaptive beam forming 
where a Direction of Arrival (DoA) algorithm is used 
to determine the direction of the signal received 
from the user. By this way continuous tracking of 
users can be achieved. Also, the detection of the 
interferers can be added to these systems, so that 
interference is cancelled by adjusting the radiation 
pattern nulls to increase the Signal to Interference 
Ratio (SIR). Clearly, adaptive beam forming is more 
complex than switched beam systems. Here two type 
of tracking are present as single and multi user 
tracking as shown in fig. 3(a) and fig.(b). 

 

Importance 

The advantage of SAs application in cellular systems 
are decreased inter symbol interference, decreased 
co-channel interference & adjacent channel 
interference, improved bit error rate (due to 
decreased amount of multipath and ISI), increase in 
receiver sensitivity, reduction in power consumption 
& RF pollution. Smart antennas are most appropriate 
for use of cognitive radio (software radio technology 
provides flexibility) and the greatest advantage of 
smart antenna is a very high security. The main 
impediments to high-performance wireless 

communications are interference from other users 
(co channel interference), the inter-symbol 
interference (ISI) and signal fading caused by 
multipath. Co-channel interference limits the system 
capacity, defined as the number of users which can 
be serviced by the system. However, since the 
desired signal and co-channel interference typically 
arrive at the receiver from different directions, smart 
antennas can exploit these differences to reduce co-
channel interference, thereby increasing system 
capacity. The reflected multipath components of the 
transmitted signal also arrive at the receiver from 
different directions, and spatial processing can use 
these differences to attenuate the multipath, thereby 
reducing ISI and fading. Since data rate and BER are 
degraded by these multipath effects, reduction in 
multipath through spatial processing can lead to 
higher data rates and better BER performance. 

Difference between Smart Antenna and Normal 
Antennas 

 Regular antennas are Omni-directional whereas 
the smart antenna generates a beam in all directions. 
 Having directional pattern in orthogonal plane 
and non-directional pattern in given plane. 
 Smart antenna: Adaptive antenna utilise adaptive 
DSP based techniques and digital technology. 

Discussion 

The above capability of adaptive / smart antennas 
clearly indicates without doubts that smart antenna 
can be easily replaced with traditionally used existing 
antennas (Omni-directional, sectored antenna with 
diversity concept). Use of adaptive antenna in 
existing systems will reduce power consumption and 
interference while enhancing spectral density in 
wireless system which is the dire need of wireless 
communication systems. Health hazard is being 
considered the main factor in RF communication 
which will also be taken care of by use of smart 
antenna as less RF pollution is created with the use 
of smart / adaptive antenna. Latest studies in INDIA 
indicates that most of the subsidies on diesel is 
being consumed by cellular vendors for running 
more than 4lacs base stations in the country which is 
much more in comparison to farmers diesel 
consumption (this subsidy was meant for farmers 
and poor people only). The use of smart antenna will 
reduce diesel consumption in cellular communication 
drastically. The capabilities of smart antenna have 
been proved beyond doubt through analysis, 



 

simulation and deployment. With the inclusion of 
nanotechnology devices the capability of adaptive 
antenna will increase manifold. 

Future Scope 

Lot of work is in progress on smart antenna. Once 
nanotechnology antenna arrays are developed, it will 
be possible to incorporate smart antenna at 
handheld system too. As a result the performance of 
cellular systems will be enhanced manifold. 

Conclusion 

In conclusion to this paper “Smart Antenna” systems 
are the antennas with intelligence and the radiation 
pattern can be varied without being mechanically 
changed. With appropriate adaptive algorithms such 
as Recursive Least Square Algorithm (RLS) the beam 
forming can be obtained. As the system uses a DSP 
processor the signals can be processed digitally and 
the performance with a high data rate transmission 
and good reduction of mutual signal interference. 
The narrow beams get rid of interference, allowing 
many users to be connected with in the same cell at 
the same time using the same frequencies and can 
adapt the frequency allocation to where the most 
users are located. With adaptive beam forming, 
spectral efficiency of the cell could be multiplied at 
least.  The basic principles and architecture of SDMA 
wireless communication systems are outlined. 
Experimental results obtained from systems built to 
these new architectural specifications are presented 
demonstrating the efficiency of SDMA technology. 
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