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Abstract Software-Defined Radio is a quite attractive field of research since it can reduce time-consuming prototype
development time from research themes. In this research, we develop the software-based adaptive array antenna system for
ISDB-T reception. Software-based adaptive beam-forming and/or null-steering algorithms (e.g. Maximum Ratio Combining
-MRC, Sample Matrix Inversion -SMI) are reconfigured in DSP board and are subject of this research. Coware Signal
Processing Worksystem (SPW) is used as system design tool that is able to fully integrate from algorithm design to hardware
implementation and multi-language co-simulation (e.g. C-language and VerilogHDL).
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1. Introduction SDR technology it may become possible to implement

For wideband broadcasting system, such as ISDB-T, signal processing radio functions by software running in

multipath fading caused by many reflected signals general-purpose micro-processor.
digital Software antenna is inherently matched with

software-defined radio (SDR) and is subject of this

seriously  deteriorates the quality of
communication. Software antenna as the particular aspect
of Software-Defined Radio (SDR) is receiving enormous research. In this paper, we introduce the development of
attention as the promising solution to realize high software-based adaptive array antenna  system for
bandwidth wireless communication systems. By using ISDB-T reception system. By exploiting merits of SDR,



adaptive beamforming/ null-steering algorithms are
embedded in DSP board and are reconfigurable. The
concept of software-based adaptive array antenna and its
algorithms are given in Sect.2. Then, the development by
joint hardware-software solution is presented in Sect.3.
Finally, by assuming propagation condition, performance

of software-base adaptive array antenna in term of

beam-forming and interference  suppressing is
demonstrated.
2. Software-based adaptive array antenna

system and its algorithms

Software antenna has been proposed to provide an
effective means to cope with time-varying severe
propagation environment by selecting optimum algorithm
continually. ldeally, with configuration of array antenna,
and by performing signal processing which overcomes the
limitation of each individual algorithm, it could adapt to
the existing environment at anytime. In [1], Karasawa et.
al. is refined the concept of software antenna and
provided the overview of selections of
diversity” that are equivalent to individual scenario of

“algorithm

radio environment.

In this project, we develop the software-based adaptive
array antenna for ISDB-T reception to study digital
beamforming algorithms. Among enormous methods to
implement software antenna for OFDM reception, digital
beamforming algorithms in time domain is chose to
implement in order to reduce the hardware costs.
Moreover, since ISDB-T receiving system has been
developed and refined in past years, this method ensures
the flexibility and minor effort to connect with our
existent system.

Figure 1 illustrates the time-domain beamforming
algorithm. By exploiting the periodic property of OFDM
signal, i.e. the header of OFDM signal is copied of the
tail OFDM signal itself, the header and tail of OFDM
signal are used to calculating the coefficients of software
antenna, which is thoroughly explained in [2].

Suppose that array antenna is equipped with M element
antenna. Hence, the received signals are expressed as
followed

X() =) %()...%, O

where [.]" denotes the transpose of the matrix.
The output signal of array antenna that is fed to OFDM
demodulation system is defined as
Y =W"X

copy & paste
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Fig.1: Principle of beamforming/null-steering
algorithm in time-domain
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Fig.2 Block diagram of software antennain
concatenation with OFDM reception system

W=[w w,..w,

-
where ] is coefficient vector of array

antenna.

Let assume that OFDM
interference and thus the periodic property of header and
tail part of OFDM signal is destroyed. In other words,
correlation between header and tail part of OFDM signals
is reduced. Thus, by using tail part of output signal as

signal is destructed by

reference signal, we will weight each branch of array
antenna and combine together in order to maximize the
correlation between headers of inputs and tail part of
output of OFDM signal.

Coefficients of digital beamforming is calculated by
MRC algorithm as followed [3]

Wiee =1, = E[XY" ]

In addition, the digital null-steering algorithm (SM1) is
also supported in order to overcome the limitation of
MRC algorithm in severe propagation environment in
which the strong interference is dominant. Coefficients of
digital beamforming is calculated by SMI algorithm as
followed

Wy, =R,

XXXy

where R, is correlation matrix of received signals, ris

cross-correlation between received signals and output of
array antenna.

The implementation of Software-based Adaptive Array
Antenna System is shown in Fig.2. Four-branches of array
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Fig.3: Functional Block diagram
of Adaptive Array Antenna

antenna is firstly analog-to-digital converted. Samples of
headers of four-branches are then stored in block RAM of
DSP board. The tail part of output signal is also stored in
block RAM as reference signal. DSP microprocessor uses
these data to generate the coefficient for the next OFDM
symbol. Hence, four-branches of array antenna are
weighted and combined together. The output signal of
array antennais fed to OFDM demodulation system which
is previously implemented by FPGA board. In OFDM
demodulation system, starting point of OFDM signal and
operation mode in ISDB-T standard are determined by
synchronization block. Signal is then fed to FFT block
and is converted in to frequency domain. Equalizer is

used to reverse the distortion caused by multipath channel.

Consequentially, data is passed to FEC to achieve the
transmitted data.

To successfully extract header and tail parts of OFDM
signal, the information of starting point of OFDM signal
and the operation mode are necessary at the array antenna
and are provided from OFDM demodulation system. Note
that signals of four-braches inherently contain the RF
frequency error. Additionally, sampling error is also
occurred due to the clock difference between transmitter
and receiver. Since adaptive beamforming algorithm rely
on correlation estimation, performance of adaptive array
antenna is severely degraded by these errors. Therefore,
in our design, these estimations of sampling error and RF
error are also provided to eliminate their effects to
operation of adaptive array antenna.

In the next section, our development of software-based
adaptive array antenna system will be discussed in detail.

Fig.4 Timing diagram and HW-SW interface of
Adaptive Array Antenna

3. Implementation of Software-based Adaptive

Array Antenna System

In this section, the development of adaptive array
with OFDM
demodulation system. Fig.3 shows the functional block
diagram of array antenna. Our design compromises of
hardware (HW) and software (SW) solution. HW side
provides the prefixed function of array antenna, which

antenna is discussed in conjunction

includes 4 tuners, 4-multiplies for 4 branches and
combination. It also has responsibility of controlling
read/write memory and timing in SW side. In contrast,
SW side provides a flexible function corresponding to
adaptive beamforming algorithm. In our development, we
decided to
beamforming/null-steering algorithms that are Maximum

implement two types of adaptive
Ratio Combining (MRC) and Sample Matrix Inversion
(SMI). In system design point of view, the joint HW-SW
solution simplifies the design task and yet ensures the
flexibility for further development.

In detail, signals coming from 4-branch array antenna
are first converted to 8MHz IF and are AD converted to
digital signal. Using the information of starting point of
OFDM symbol provided by OFDM demodulation, samples
of header of incoming signals and tail of output signal are
extracted and are fed to DSP board. The compensations
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Fig.5 Beam-pattern of SMI algorithm
in case of D/U=0dB
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Fig.6 Beam-pattern of MRC algorithm
in case of D/U=6dB

for sampling error and RF error are conducted in HW side
as mentioned above. It also provides timing to DSP board
which is used to operate microprocessor. Finally,
coefficients generated by DSP board are used to weight
and combine 4 braches of array antenna.

In SW side, there are two banks of block memory to
store samples of 2 successive OFDM symbols. The
read/write memory process is controlled by HW. Using
these samples, microprocessor performs specific adaptive
beamforming algorithm. Coefficients are then stored into
corresponding memory bank and are provided to HW side
in the start of next OFDM symbol.

Fig.4 is shown the timing diagram of our HW-SW

Table 1. Simulation Parameters
Number of element 4

Distant

Half-wavelength

AOA of Desired signal

30deg

AOA of Undesired signal

-75deg, 15deg, 60deg
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Fig.7 Implementation of Adaptive Array Antenna

solution and its interface. As mentioned before, we use
two banks of memory in DSP board to realize the
real-time operating of adaptive array antenna. The
operation of DSP board as SW side is controlled by HW
side via 2-pair of request-acknowledgment corresponding
to 2 banks of memory. As illustrated in timing diagram,
samples are firstly stored to bank#0, and then the request
signal coming from HW side indicates the availability of
data and starts the operation of microprocessor. Samples
of next OFDM symbol are stored to bank#1
simultaneously with operation of microprocessor with
bank#0. After finishing, the acknowledgment signal
informs HW side and coefficients are stored back into
corresponding memory bank. In next symbol, HW side
archives the coefficients form DSP board. Microprocessor
sequentially performs adaptive beamforming algorithm
with bank#1 simultaneously with process of storing
samples to bank#0, and so on.

In next section, simulation environment of adaptive
array antenna system and its results are given in detail.

4. Simulation Results

In our project, Coware Signal Processing Worksystem
(SPW) is used as the system developing environment. It
creates a powerful and robust environment for meeting
the demands of today’'s DSP designers. By providing a
smooth path from system-level design and verification to
implementation, SPW offers an effective bridge from
system concept to hardware realization. The unique
feature of SPW is that it integrally allows multiple
language flexibility, e.g. VHDL, Verilog, C/C++, Matlab
etc. Therefore, using SPW, we can implement this system
(both HW and SW side) in the single design and verifies
its operation in co-simulation environment.

In order

to demonstrate the effect of adaptive



beamforming/null-steering
simulation with SPW. The condition and simulation

algorithm, we made a

method is given below.

A A/2 -spaced 4-element linear array is adopted.
Signals from 2 independent sources, one is for desired
signal, the other is for interference signal is coming to
antenna after separating to three paths having different
delays. OFDM system operates in Mode 3 of ISDB-T
standard.

Fig.5 shows beam-pattern generated by adaptive array
antenna in case of SMI algorithm. Deep-nulls locating at
the angle of arrive (AOA) of interferences demonstrates
feature of interference suppression. In contrast, Fig.6
shows beam-pattern generated by MRC algorithm. As
shown in this figure, it emphasizes the desired signal by
steering the main beam to AOA of desired signal.
Therefore one can expect that SMI algorithm outperforms
MRC in case of severe interference environment.
Otherwise, in relatively weak interference environment,
i.e. co-channel interference is weak that can be neglected,
MRC is more suitable beamforming algorithm.

Finally, the implementation of adaptive array antenna
system is illustrated in Fig.7. It includes dedicated
4-branch tuner, DSP board embedded software-based
adaptive beamforming/null-steering algorithm and FPGA
board as OFDM demodul ation system.

5. Conclusions

In this paper, the software-based adaptive array antenna
system for ISDB-T reception system is presented. Two
types of adaptive array antenna algorithms are supported
in order to overcome limitation of each algorithm in
different type of propagation environment. Simulation
results show that the strong co-channel interference is
suppressed by our system. In relatively weak interference
environment, i.e. co-channel interference is weak that can
be neglected; MRC is more suitable beamforming
algorithm.

Our solution has been implemented in DSP board in

concatenation with OFDM demodulation system as
illustrated in Fig.7.
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