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Abstract: A novel method to implement a sub-band adaptive beamforming array (SABA) is proposed. The 
lower and the higher sub-band signals are generated from the incoming full band signal and both the sub-
band signals are optimised directly instead of decimation or down sampling. After optimisation the outputs 
of both the sub-bands are combined without interpolation or up sampling to generate the desired signal. 
This SABA reduces the cost and circuit complexity, while maintaining better performance over the full 
band adaptive beamforming array. 
 
Introduction: Adaptive beamforming arrays (ABA) are known to be very powerful in aiding the 
performance enhancement for mobile and other communication networks. These arrays help in 
concentrating the intelligence in the direction of the radio frequency (RF) energy from the transmitting 
antenna, while suppressing any interfering signals from any other directions.  
 
It has been established that the error introduced (compared with the original signal) by the full band 
beamforming array (FABA) can be reduced by processing the received wideband signal by dividing them 
into a number of sub-bands [1, 2]. This sub-banding is done using the Quadrature Mirror Filter (QMF) 
banks for wideband applications. It has recently been proposed that the QMF sub-band adaptive 
beamforming array (SABA) can also be performed by optimising the higher sub-band output and then, 
multiplying the signal output with a multiplication factor that generates the lower sub-band output [3]. In 
this Letter, a new schematic for the SABA configuration is investigated. A reduction in the cost and the 
hardware complexity, the mean square error (MSE) and improved radiation responses have been expected 
for this configuration for wideband applications. 
 
Why QMF: The cancellation performance of a FABA can be corrupted if wideband signals are dealt with.  
This drawback can be eliminated if beamforming is applied over a number of frequency bins or sub-bands.  
The currently used, Fast Fourier Transform (FFT) filter has a drawback which results in poor cross 
correlation between these adjacent sub-bands which results in aliasing, due to the slower roll of the FFT 
filter. An alternate method to combat this undesirable effect is proposed by the introduction of QMF banks. 
These filter banks can be used to provide a sharp cut off of the frequency spectrum [4]. 
 
Proposed configuration:  The outputs of the antennas of a FABA system are generally fed to the optimiser 
through a number of taps to increase the signal to noise ratio of the received wideband signals. The 
properties of these adaptive arrays are employed by varying the weight of each individual tap which is 
computed iteratively from the received data. However in a conventional SABA using the QMF Banks, the 
output of each antenna is connected to the input of the QMF Bank and the lower and higher sub-band 
outputs are decimated (down sampled) by a sampling or a decimation factor (which is equal to the number 
of the total sub-bands) and then as in the case of FABA they are fed to a number of taps and the 
optimisation is carried out individually for each sub-band to find the weight of the individual taps. After the 
optimisation, both the sub-bands are interpolated (up sampled) by the same factor and then combined at the 
output to generate the desired signal.  
 
In this proposal, modifications have been suggested to the above SABA configuration to remove or to 
bypass the down sampling and the up sampling features, so that the output of the QMF bank can be 
connected directly for optimisation to find the weight of the individual taps. This results in the reduction of 
the number of the total components needed for the conventional SABA and hence results in the reduction 
of the total cost of the system.  
 
If one wants to keep the down and up samplers, with the SABA hardware system as an option for other 
applications, then the removal or bypassing of the down and up samplers can be done mathematically by 
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allowing the sampling or decimation factor to be equal to one (1). A more generalised schematic diagram 
incorporating this feature is shown in Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic diagram of the proposed sub-band adaptive beamforming array. 
 wi – weight of taps, Q – quadrature mirror filter (QMF), L – lower sub-band of the QMF,  H – higher sub-band of the 
QMF, �1 – decimation by 1, �1 – interpolation by 1 
 
A super resolution technique, which has a faster convergence and requires less computational time, is used 
for the evaluation. It has been made use of the Minimum-Variance Distortionless Response (MVDR) here 
for the computation of the SABA response. In this method the variance or the average power of the output 
is minimised under the constraint that a distortionless response is observed along the direction of a desired 
signal. The QR Decomposition (QRD) has been used to implement the MVDR method efficiently and in an 
iterative manner. [See references in 3]. 
 
Simulation results: The performance of a FABA and the newly proposed SABA are subjected to 
investigation. For the SABA, both the sub-bands are optimised. For both the array structures, two 
consecutive antennas are placed at a distance λ/2, where λ is the wavelength of the carrier signal. Two taps 
follow each antenna. The intermediate frequency is chosen arbitrarily and in this study it is fixed at 8 MHz. 
The sampling rate is chosen to be four times the IF frequency. The received signal is assumed to be a 
TDMA signal with BPSK modulation. It is also assumed that each antenna element contains zero mean 
thermal noise and they are uncorrelated with each other. The interference to noise ratio (INR) is assumed as 
30 dB. The interference comes from -30°, while the desired signal direction is from boresight of the 
antenna array (0°). For the SABA, an eight (8) tap FIR-QMF Bank is used to split the band into two sub-
bands [5]. The sampling or decimation factor is taken as 1, which denotes that the down and up samplers 
are bypassed. 
 
The variations in the mean square errors (MSE) of the FABA and the SABA, when the down/up samplers 
(or when the decimation factor =1) are bypassed are shown in Fig.2. The lower and higher sub-band MSE 
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values are below than the values of the FABA. Twenty (20) iterations have been carried out and from the 
very first iteration onwards this characteristic seems to be maintained. 

 
Fig. 2. Mean square error of the adaptive beamforming arrays 
           + : lower sub-band, line : higher sub-band, o : full band 
 
Fig. 3 gives the radiation responses of the FABA and SABA.   Deep nulling of the interferer is observed for 
both the FABA and SABA (~-70 dB). However, on close examination it can be seen that the FABA 
radiation response is slightly shallower by a few dBs than that of the lower and the higher sub-bands of the 
SABA. 
 

 
 
Fig. 3. Radiation responses indicating the target and the interferer. 
           + : lower band, line : higher band, o : full band 
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Conclusion: A novel sub-band adaptive beamforming array (SABA) using Quadrature Mirror Filter (QMF) 
is investigated. Its performance has been compared with to that of the full band adaptive beaming array 
(FABA). In this SABA, the output of the QMF filer banks are connected directly to the taps, instead of 
down sampling (decimation) or up sampling (interpolation).  Mathematically this is equivalent to making 
decimation/interpolation factor to 1 (one). It has been shown that the mean square errors and the radiation 
responses of the SABA system are better than that of the FABA.  Finally, this SABA system can be used to 
reduce the cost and the complexity of the circuitry (since the decimation/interpolation factor set to (1) by 
removing the decimator and interpolator completely, to perform the above sub-band beamforming action.  
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